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Die derzelt In der Industrle angewandten Modelle zur Berechnung der
Vorteilhaftlgkelt von Investltlonsprojekten setzen eine Ilneare
Zukunftsentwicklung voraus und berucksichtigen In den meisten FAllen
nur elne elnzlge Zielvariable. Daruber hinaus wlrd das jeder Investltlon
zueigene Risiko - wenn uberhaupt - nur mittels subjektiver Aislke-
zuschlAge berucksichtigt.
Komplexere Verfahren zur Berechnung der Vortellhaftlgkelt, wle z.B.
die Aislkoanalyse oder Simulationsverfahren flnden wegen Ihrer
KomplexltAt In der Industrlellen Praxis so gut wle kelne Anwendung.
Es 1st deshalb das Ziel dleser Arbeit, die Schwachstellen der In der
Industrle gebrAuchlichen Methoden zur Investltlonsrechnung zu
analysleren und darauf aufbauend eln verbessertes Verfahren zu
entwlckeln.
1m ersten Tell der Arbeit werden die theoretlschen Grundlagen der
Investitlonsrechnung abgehandelt. Ein historischer RQckblick zeigt, daB
XVII
die Entwicklung der Investitionsrechnung nicht auf groBen Erfindungen
beruht, sondern durch eine schrittweise Evolution gekennzeichnet ist.
Die Diskussion, der von der Literatur zur VerfOgung gestellten Entschei·
dungsmodelle fUr die Investitionsrechnung, 1st In Entseheidungs·
situatlonen unter Gewissheit, Unsicherheit und Rlsiko aufgespalten. Es
werden die Kapita/wertmethode, die Interne ZinsfuBmethode und die
Berechnung der Amortlsationsdauer ets die melstbenutzten Standard·
verfahren diskutiert. 1m nachsten Schritt wlrd die unterschiedllche
Handhabung der Entscheidungsfindung bei elnfacher und mehrfacher
Zie/setzung deflnlert. Verschledene Rege/n fOr die Entscheldung unter
Unslcherhelt und Rislko fUhren zur Thematik der Nutzenfunktlonen, der
Bayes und Bernoulll Entscheldungsregeln und schlieBlieh zum Capital
Asset Pricing Model.
Empirlsche Untersuchungen zu dieser Thematlk zelgen, wle die
deutsche Industrle die von der Theorie zur VerfUgung gestellten
Modelle zur Investltionsentscheidung einsetzt. Das Resu/tat 1st, daB In
vlelen FAllen zwar die Grundmodelle fOr die Berechnung der
Vorteilhaftlgkelt herangezogen werden, die letztllche Entseheidung
jedoch h!ufig auf FingerspitzengefUhl und/oder Erfahrung beruht.
1m nachsten Abschnitt wird ein reelles
Investitionsentscheidungsproblem aus der Industriel/en Praxis
untersucht. Ais Hauptschwachpunkte zeigen sleh, daB die
Datenunslcherheit, bedingt durch die Unkenntnls der
Zukunhsentwlcklung, nlcht ausdrlicklich berucksichtlgt wird, die
endgilltlge Entscheldung auf elnem elndimensionalen Zielsystem beruht
und die Aussagekraft der ermittelten Vortellhahlgkelts-Kennzlffer
liberbewertet wlrd. Eine hOherstehende Entscheidungslnstanz hat kelne
MOglichkeit, das Zustandekommen des Endergebnlsses auf selnen
Wahrheltsgehalt hln zu Oberprufen.
Aufbauend auf der Kenntn!s der SchwAchen der theoretlschen Modelle
und der BedOrfnlsse der Industriel/en Praxis wlrd 1m weiteren eln
Invest!tlonsrechenverfahren, genannt Multlfact, entwlcke/t. Dleses
XVIII
Verfahren gibt dem Anwender einerseits die Moglichkeit, das projekt·
individuelle Risiko bei der Berechnung der Vorteilhaftigkeit eindeutig
auszuweisen und andererseits aile fUr die Entscheidung relevanten
Faktoren mit situativer Gewichtung in das Endergebnis einflieBen zu
lassen. Das der Investition elgene Risiko wird bel Multifact in einen
marktbezogenen und einen mltarbelterbezogenen Anteil aufgespalten.
Der marktbezogene Anteil beruckslchtlgt die Unslcherheit bedingt durch
die Unkenntnls der zukunttlqen Marktlage, d.h. Absatzmenge,
Entwlcklung der Rohstoffprelse, Energlekosten etc.. Mit der
Unsleherhelt, die dureh den Mltarbelter elngebracht wlrd, wlrd der Grad
der Vertrauthelt des Mltarbelters mit der vorllegenden Materle, selne
Gewlssenhaftlgkelt bel der Datenermlttlung und seine ZuverlAsslgkelt In
die Investltlonsrechnung mitelngebracht.
1m nachsten Schrltt wurde das berelts frOher srwahnte Praxisbelspiel
mit Multlfact neu bewertet. Es zelgte sieh, daB Je nach Gewichtung der
EinfluBfaktoren das Ergebnls der Multifact·Bereehnung vom
konventlonell ermlttelten Ergebnls stark abweicht, ja sagar die
endgQltlge Entscheldung teilweise umdreht. Weiterhin zeigte slch elne
starke ErhOhung der Transparenz des Ergebnlsses fUr aile Involvierten
Hierarchieebenen, da Multifact die Vorteilhaftigkeit nicht in einer
elnzigen undurchschaubaren Kenngr6Be ausdruckt, sondern den EinfluB
aller fOr die Entscheidung relevanten Faktoren klar ausweist.
1m letzten Kapitel wird die Bedeutung der Unsieherheit des
Marktgeschehens bel Investitlonsentseheidungen aufgezeigt. Es werden
Ereignlsse analysiert, aufgrund derer manche Industrlezweige zugrunde
glngen, well der Trend der technlschen Entwicklung nlcht reehtzeitlg
erkannt und In Investments einbezogen wurde, wie z.B. die deutsche
Plattenspieler·lndustrie, oder wo umweltpolitlsche Gedanken die
gesamte Industrle verftnderten, wle z.B. die Thematlk der Mulltrennung
und ·entsorgung, oder wo fast toterklftrte Industriezweige durch
6konomlsch unplanbare Gegebenheiten wieder zu blOhenden Leben
erwachten, wie z.B. die Kondorn-lndustrte durch das Aufkommen und
der Verbreitung der Krankhelt Aids.
XIX
Als abschlieBender Gedanke der Arbeit wird versucht eine Extrapolation
in die zukunftige Welt der Investitionspolitik zu machen.
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1Chapter I
Hypothesis and Method of Investigation
1. Hvpothesls
The objective of this dissertation Is to examine the practice of
Investment decision making In the contemporary business environment
with its Integrated global market driven by rapidly advancing
technology.
The necessity for such an Investigation has Its origin In the prevailing
discrepancy between theory and practice. Most if not all Investment
decision making models suffer from the fact that they do not lend
themselves readily to the making of decisions In a market known for Its
growing Instability and volatility. People involved In Investment decision
making are only too aware of the fact that the models presently in use
are not always suitable, mainly because they demand too high a level
of data. They also do not always deal with uncertainty in a scientific
and realistic manner. Most of them are designed for single criterion
decision making. The models are often complicated and assume that
the functionaries working with them have an economic background.
The theory underlying investment decision making lends itself Invariably
to the specification and building of very sophisticated modols. It is,
however, a fact that people who are Involved In the Investment
decision making process, often use Informed guesswork rather than
sound scientific fact finding in their endeavour to come to 8 decision. It
Is obvious that the use of Informed guesswork as an Instrument for
decision making is, from 8 scientific point of view, a rather risky way of
making a decision. Such a decision is seldom based on logical
considerations. A major hazard of this manner of decision making Is
that It tends to become standard practice. As such it very often leads
to disastrous results.
2The process of investment decision making is normally as follows:
Engineers develop a new production process, or modify the existing
production process, for the manufacture of a more advanced or a new
commodity. To acquire the means of production to do the
manufacturing, they have to convince management, especially the
financial and marketing managers, that such expenditure will be to the
advantage of the business enterprise, not only In its competitive
struggle in the market place, but especially profltwlse. The result of the
calculations and deliberations Involved in the Investment proposal Is
expressed in a concept known as the net present value of the cash
flow or the Internal rate of return. The ultimate decision is normally
made by a functionary or a group of functionaries at a higher
hierarchical level. The level at which the ultimate decision is being
taken, Is, however, often rather removed from the techno-economic
level at which the planning and Quantifying of the many and often
complex variables Involved In the investigation, Is being done. There Is
often a strong convention in the whole process of Investment decision
making within an enterprise to regard the recommendation by the
planning functionaries as the absolute truth and to rubber-stamp such a
recommendation without further ado. The main limitation of such a
process of Investment decision making is that little, if any, provision is
made for a close and scientific scrutiny of the many uncertainties,
especially those of a techno-economic nature, which may be looming
on the horizon. The dangers lurking in the process of investment
decision making are potentially more dangerous in those cases where
the ultimate decision making assumes the nature of a mere formality.
Convention in the making of investment decisions tends to become
Ingrained within a short period of time. This Is especially true of
investment decision making procedures in which convention plays an
Important role.
The dynamics of the contemporary global market place and
technological innovation have Increased uncertainty and risk to such an
extent, that the fundamentals underlying the use of investment
decision making models merits critical evaluation once more.
3The objective of this investigation is, therefore, mainly to narrow or
eliminate the gap between theory and the daily use of the investment
decision making models. The objective of this study is therefore not to
reject such models, but to scrutinise their use and shortcomings.
Models are invariably being built In an environment assumed to be free
of uncertainty and risk. It is generally assumed that the input data
required for the model can be obtained readily and that uncertainty and
risk can be quantified statistically.
The modification of the investment decision making models in order to
Increase their relevancy as Instruments for business use requires a
careful scrutiny of their structures and the messages which they
convey. Only then will it be possible to understand their shortcomings
and the nature of the measures that should be taken to deal with such
shortcomings.
The discrepancy between theory and the investment decision making
requirements in everyday business life is only one reason for the
development of more user-friendly workable investment decision
making models. The other reason for the critical examination of the
models of Investment decision making has its origin in the workings of
a global market place which is becoming more and more dynamic and
volatile. To cope with this situation it becomes more and more
important to consider the effects of uncertainty and incomplete
information in decision making. The growing pace of technological
change and murderous competition In the world market leaves little or
no room for an investment decision which is reasonably good. It Is
often time consuming and costly to reverse or remedy a bad or wrong
Investment decision. It is, therefore, essential to Initially consider all
relevant parameters In making a decision.
An Industry which Is not responsive to changes In the market place,
will probably not maintain Its competitive position. Many examples of
such behaviour can be Identified in the American and European
markets. After the second World War the success of European
industry, especially German industry, was mainly based on well known
4highly sophisticated goods such as cameras from Zeiss and Agfa. and
radios and television-sets from Grundig and Telefunken. Since the
seventies. the advent of microelectronics has driven these competitors
with their mechanic components from the market. The investment
decision makers In these countries showed little or no sensitivity to
these developments. The result was that German Industry lost their
leadership, which Is now completely In the hands of the Far East.
Entrepreneurs In these countries were much more effectively geared to
the changing global environment and technological Innovation and their
Implications for the consumer.
To understand what happened, and Is stili happening In the European,
especially the German, Industry, It Is necessary to understand the
Industrial cultural behaviour In these countries. The Germans with their
Ingenuity and technical expertise are as a rule very methodical and
innovation orientated. The positive result of this cultural trait Is a
constant flow of theory and formalisation of such theory In models. It
Is a fact that world-wide most of the patents have their origin In the
European research environment. The negative aspect Is, however, that
the Europeans are slow in launching new products and applied
technology.
What Is needed in the European context, is a scheme of things,
especially a mode of investment decision making that would exploit and
Implement these Inventions and Innovations more rapidly.
The Inquisitive mind of the European Is also evident in their economic
faculties and institutes. The result Is often more and more sophisticated
and complex Investment decision making models. These models are,
from a theoretical point of view, often very precise and technically
efficient.
The main problem confronting European manufacturing Industry would
seem to be the dichotomy between the efficiency of their technology
producing Institutions and the Implementation of such technology. As
suggested in the previous paragraph, this dichotomy presents Itself in
5the activities related to the specification and construction of investment
decision making models and the utility of such models in the everyday
world of the business decision taker. Instead of assisting industry to
use the new Ideas and models as instruments to further investment in
manufacturing capacity, such theory, especially as embodied In the
Investment decision making models, involve entrepreneurs in academic
exercises having little in common with the practical business world
with its growing dynamics and uncertainties. While it may not be
possible to change the cultural climate In which the European
entrepreneur Is finding himself, It may be possible to suggest
investment decision making tools that would be more incisive and to
the point.
South African Industry is presently In the process of gearing itself to reo
enter the world market with Its merciless competition. An advantage of
South African Industry, compared to European Industry, is its relatively
low labour costs'. South African industry will, however, only be
successful In the world market If this advantage Is not lost over the
next decade. Apart from improving the quality of its labour, investment
projects will also have to be considered carefully considering the
scarcity of resources compared to consumer and investment demand.
As stated above, the Investigation for this dissertation will be directed
mainly at an examination of European behaviour in the field of
investment decision making. Specific attention will be given to the
observation during the past two decades that investment decision
making in European industry is ostensibly not coping with those taken
elsewhere In the world. The result is that a substantial backlog in
technology has been allowed to build up. It can only be to the
advantage of South African industry to learn from the mistakes of a
leading Industrial nation, namely Germany. Investment decision makers
should be aware of the circumstances and manner of decision making
which led to the European failures.
The man hour rate In the automobile Industry II at 09193 II: South Africa 18
AIh and Germany 100 Rih.
6The main objective of this investigation Is, therefore, to provide
investment makers with a tool that will help them to come to better
decisions with a lower risk potential. Making people more aware of the
deficiencies and limitations of the models presently in use would in
itself be a major achievement; as Confucius said: "It is better to light a
small candle than to curse the darkness".
2. Method of investigation
As stated under the hypothesis the objective of this dissertation Is to
examine the practice of Investment decision making In contemporary
business with Its Integrated global market driven by rapidly advancing
technology.
The method of Investigation will endeavour to show why people who
have to make Investment decisions need more workable decision
making models. The specification of such a model will naturally flow
from the analysis and examination of the differences of existing
models.
Chapter II will examine the theory presently underlying investment
decision making, especially single and/or multiple criteria decision
making and risk evaluation. The assessment of risk Is of critical
Importance as each and every decision maker Is continuously acting In
accordance with a specific utility function. The Individual's desire to
accept or avoid risk, i.e. his utility function In a decision making
situation Is obviously a key element of his personality. This personality
attribute Is of great importance In managerial decision making. It
remains a mystery Why two decision makers will under exactly the
same conditions, differ fundamentally in their evaluation of an
investment decision. The explanation for this phenomenon finds its
origin In the utility function of the decision making subject which ditters
from person to person.
7Attention will also be given in chapter II to decision making under
certainty, uncertainty and conditions of risk. The theory underlying the
models and the techniques used to deal with risk, namely sensitivity
analysis, risk analysis and the compensation for uncertainty by
guessing will be examined. As a last step in the evaluation of the
theory the Capital Asset Pricing Model will be examined as a tool that
could be used more readily In investment decision making. The last part
of chapter II furnishes the results of an empirical investigation, based
on the German market environment, regarding the frequency of the
application of different investment decision making criteria.
In chapter III an Investment making decision is examined and evaluated
according to a practice normally applied in German industry, the
objective being to demonstrate the deficiencies and limitations of such
decision making. The objective of chapter III Is mainly to show whether
the decision makers In German Industry are applying what the theory
provides.
In chapter IV a workable Investment decision making model, namely
Multifact2 will be developed. The main objective being the development
of a model based on existing theory but structured In a way that takes
real business demands into consideration. Such a model should be user-
friendly and easy to handle. The Multifact model will have as a basic
concept the postulate that Investment decisions are seldom taken
under Identical circumstances. Each and every investment decision has
its own characteristics and should be taken with due consideration of
all the relevant facts; such facts should, however, not be affected
fundamentally by the so-called background noise of the contemporary
economic environment.
The usefulness of Multifact in the futuristic context of a more and more
Integrated global market driven by rapidly advancing technology will be
examined in chapter V.
2 The concept -Multlfact- Is a combination of mulrJple '«tOtl, which Indicates,
that the final investment decision Is based on more than one criterion.
8The results of the investigation will be summarised in chapter VI.
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9Chapter II
Assessment of the Theory of Investment Decision Making
1. Introduction
The obJectlvo of this chapter Is mainly to examine the theory
underlying investment decision making models. Attention will
specifically be given to the more common Investment decision making
criteria, namely, single and multiple criteria decision making, decision
making under certainty, uncertainty and risk, the utility functions,
sensitivity analysis, risk analysis and the Capital Asset Pricing Model.
The analysis will be directed mainly at evaluating the different models,
and secondly, to look more closely at their practical application.
The development of methods for Investment decision making Is
normally not based exclusively on practices of the past. Investment
decision making Is a continuous process which builds new ideas Into
existing models. The first step In examining investment decision
making models should, therefore, be to look at the history of the
development of such models.
2. History of investment decision making models
Examination of the theory of Investment decision making models will
be split In two sections: one will deal with models designed for the
evaluation of profitability, and the other with criteria for the making of
decisions under uncertainty.
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2.1. History of capital budgeting techniques
The technique of discounting future cash-flows was initiated by Utpian,
(, 70-228 AC) the Roman jurist, who calculated a life annuity for
people up to the age of 20 years as being thirty times the annual
membership fee. The life annuity for people between 20 and 25 years
of age, was 28 times the annual membership fee. People older than 60
years could buy an annuity for life equal to five times their annual
membership fee [Kruger, , 966: 68).
The formulae for the calculation of the present value and the net
present value were advanced for the first time by Lelbnlz In 1622
[Lelbnlz, reprint 1863: 125·132). He did not, however, Invent the net
present value calculation. The formula for discounting was Introduced
In 1582 by Stevln In the compilation of his Interest table. The
Importance of Leibnlz's Input, was the logic of his reasoning, especially
that relating to the calculation of the net present value.
The first Investment profitability calculation, Inclusive of a discussion
of data uncertainty, was published by Oeynhausen in 1822
[Oeynhausen, 1822: 306-319). He was specifically Interested in a
general approach towards the problem of compensating for data
uncertainty by increasing the discount rate and warned the decision
makers to do so. Investment decision makers were advised to pay
attention to this approach as a sound basis for dealing with
uncertainty.
A comprehensive summary relating to the application of the net
present value, was written by Crelle in 1832 [Crelle, 1832: 9·35). He
Investigated the different approaches towards the discounting of cash
flows In depth. Special attention was given to the effect and relevance
of the compound Interest rate In the discounting of prospective flows
of money.
The first Anglo-Saxon publications on the matter of discounting,
especially under conditions of uncertainty, appeared approximately 50
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years later when engineers developed a formula for the calculation of
the best replacement cycle of assets as well as their optimum
economic life [Wellington, 1887: 39). Such formulae were linked to the
subject of depreciation.
Wicksell's work (Wicksell, 1934: 178·1991 focused mainly on
Information that could be obtained with the aid of the Internal rate of
return directed at the Investment optimum. The main part of his
Investigation was aimed at the ambiguity of the Internal rate of return
under certain conditions. His results were published In 1934.
The reinvestment of the proceeds of an Investment was the subject of
an Investigation done by Lorie and Savage [Lorle/Savage, 1965: 229-
2391, and independently by Solomon In 1955 [Solomon, 1965: 240·
252). Lorle and Savage also discussed the subject of the discount rate
under conditions of the limited availability of credit. This Idea was
developed further by Weingartner who advanced the theory underlying
the capital budgeting models in 1963 [Weingartner, 1963).
Parallel to the above mentioned development was a line of thinking
that the examination of the Investment phenomenon should be
separated from the funding decision. This model was first advanced by
Fisher in 1906 [Fisher, 1906). The idea put forward by Fisher is stili
under discussion. Recent main contributions to the discussion came
from Sharpe between 1964 and 1970 [Sharpe, 1964: 426·442;
Sharpe, 1970) and Fama from 1968 till 1978 [Fama, 1968: 29-40;
Fama, 1970: 383-417; Fama, 1977: 3-24; Fama, 1978: 272-284).
2.2. Studies relating to data uncertainty
The first publications relating to the phenomenon of uncertainty
emerged in the second half of the 17 th century. After the publications
of Pascal (1623·1662) and de Fermat (1601·16651, Lelbnlz advanced
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the theory that it was possible to calculate the probability of winning a
game of chance by determining the expected value ILeibniz, 16781.
The basic idea was that all future prospects should have the same
probability of materialising. The postulate that all future prospects
would have the same probability forms the basis of Laplace's decision
making rule, namely, the utility average.
Hume IHume, 1739) published his Investigation relating to the
Incorporation of a probability distribution In calculation models for
Investment decision making In 1739. His main concern was that It was
not correct to form a probability distribution from experience and
observations of the past. He was strongly of the opinion that the
probability distribution of the last twenty years could not be used as
Indicative of the probability distribution that may prevail In future
years.
The problems which present themselves when applying probability
distributions to practical applications was first raised by Bernoulli In
1692 [Bernoulli, 1713]. He highlighted the difference between a
gambling situation and a real life situation. A gambling situation
normally allows the pre-calculation of probabilities relating to the
chance to win or lose. This is, however, not so in real life, t.e. in the
case of Investment projects. A gambling situation is characterised by
probabilities known in advance because there is only a limited number
of events possible, e.g. 50 per cent probability for "black" and 50 per
cent probability for "red" when playing roulette. The daily life situation
Is, however, as everyone knows, full of surprises which can never be
determined.
Contemporary theory relating to decision making under conditions of
uncertainty, Is based mainly on the work of von Neumann and
Morgenstern In 1944 [Neumann/Morgenstern, 19441. Their idea was to
construct a risk utility function, which can be measured on a cardinal
scale. The merit of this work lies mainly in the fact that decision
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makers should not regard the expected value as being of prime
importance, but the expected utility value.
Wald (Wald, 1950: 18) suggested the so called Minimax-Principle for
decision making under uncertainty In 1950. This decision making rule
postulates the decision maker as playing against an omniscient
opponent. Thus he can only expect • whatever he decides • that the
worst of all cases will happen. The Maxlmax·Princlple Is a decision rule
against an Ignorant opponent, I.e. that the best outcome Is more or
less guaranteed.
To avoid a totally pessimistic or optimistic attitude towards
uncertainty, Hurwlcz suggested a combination of the Minimax and
Maxlmax-Prlnciple In 1951 (Hurwlcz, 1951).
A totally different approach towards uncertainty was proposed
Independently by Nlehans In 1948 (Niehans, 1948: 433-456) and by
Savage In 1951 (Savage, 1951: 55-67). Both suggested that the
disadvantage (Wregret") that will occur If the decision proved to be
anything but the best, should be Investigated. Their decision making
rule states that the decision should be such that the regret, should the
decision not be the best, should be a minimum.
3. The theory of profitability calculation
3.1. Some theoretical aspects basic to investment decision
making
The question whether an Investment should be made or not focuses
automatically on the magnitude of the return that could be expected,
and the nature of the risk Involved In the Investment. The magnitude of
the return Is normally measured by means of the discount rate. This
can be done either by calculating the net present value with a given
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discount rate, or by measuring the profitability against the internal rate
of return, which is embodied in the investment proposal.
The evaluation of the discount rate, however, requires a careful
distinction between the real rate of Interest and the nominal rate of
Interest. The rate of interest that a gilt-edged security would normally
yield at a zero rate of Inflation Isknown as the real rate of Interest. The
Interest rates that are dally being observed in the financial markets are
known as the nominal rates of interest. The link between the two
Interest rates Is the rate of Inflation. The nominal rate of Interest Is
thus the real rate of Interest plus an Inflation premium reflecting the
expected long·run rate of Inflation. Knowledge of the difference
between the real rate of Interest and the nominal rate of Interest is
essential for Investment decision making in practice. A nominal rate of
return of 10 per cent In the European market with an Inflation rate of
± 3 per cent, and thus, a positive or real rate of return of ± 7 per cent
Is very different from that prevailing in the South African market with
an inflation rate of ± 10 per cent.
The importance of the real rate of Interest (the discount rate), Is even
more significant when cognisance Is taken of the adjustment that
should be effected to provide for the difference In the risk premium'
between Europe and South Africa.
The evaluation of risk Is often handled in a rather superficial manner In
the process of Investment decision making. One of the main objectives
of this dissertation is to see whether the element of risk cannot be
dealt with In a more practical manner when considering an Investment.
KnOWledge of the real and nominal rates of interest Is also important
when considering the method of financing the investment project, I.e.
the evaluation of the financing cost. The decision to invest and the
method of financing are therefore closely related. The objective of the
evaluation of the two decisions Is mainly to see If the rate of return Is
A detailed discuaalon of this will follow when the Capital Asset Pricing Model
is discussed In paragraph 4.3. of this chapter.
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higher than the interest rate which can be obtained in the market. This
is usuellv done by means of a "financial planning programme"
(Schneider, 1980: 3511. A pragmatic solution for this problem was
presented by Doan in 1964 (Dean, 19641, when he suggested that a
graphical presentation of the demand for capital, the Internal rate of
return, and the availability of capital, l.e. the Interest rate for new
capital, should be used to measure the relationship. The point of
Intersection of the two graphs represents the Investmentlflnanclng
optimum.
The financial planning programme will not be discussed more fully In
this study. It Is, however, Important to realise that the concepts of the
discount rate, Internal rate of return, and the rate of Interest should be
considered fullV In their real and financial context. The decision maker
must, therefore, be fully acquainted with all the theoretical aspects
underlying contemporary Investment decision making.
3.2. Evaluation of the different profitability criteria
The assessment of a potential investment opportunity by means of a
profitability criterion forms the basis for all Investment decisions. The
making of a decision Is critically dependent on a sound scientific
evaluation of the relevant parameters". Part of the decision making
process Is to know how the results of the Investigation process should
be evaluated and Interpreted.
Only those Investment making processes pertaining to the practical
world of business, will be examined In some detail In this Investigation
(Meerman/Meyer/Greve, 1984: 251. Models based on the net present
2 The m.ny 'PPfoachea towardl the Investment m.klng proceuea will not be
examined In any detail. The re.der Interelted In these aspecta 0' the
Inveltment phenomenon should conlult the 'oIlowlng workl:
IClarklHindel.nglPrltchard, 1989: 78·89; GanllloolllZlckler, 1977: 32·49;
Hall, 1985: 33·44; Hor"Oren!Sundem, 1990: 389·429; RiggsJWeat, 1986:
124-155; Schneider, 1980: 177·194; Weston/Copeland. 1986: 106-1201
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value, tho internal rate of return and amortisation will be examined
below. Attention will especially be focused on the boundary conditions
underlying the different processes basic to the three models.
3.2.1. Calculation of the net present value
The general mathematical expression for the net present value Is:
N
NPV = t Dt(1 + r)-t. C
t-I
NPV: NetPresent V./ue
N: Life of project
0t: Project return in year t
r: Discount rate
C: Required outlay
The net present value of an investment project Is the discounted value
of all the prospective returns from the project; the rate of
discount/capitalisation being the real rate of Interest r. as discussed
above [Baker, 1981: 223-224; Buchter, 1990: 11-13; Clark/Hlndelang/
Pritchard, 1989: 78-83; Douglas, 1987: 570·573; Gilligan/Neale/
Murray, 1983: 121-125; Hax, 1985: 33; Kruschwltz, 1987: 64-65;
Schneider, 1980: 182; Schneider, 1973: 2·31. The cost of capital Is the
return that the firm believes that it should be receiving from its capital
Investments. It Is the cost to the firm of raising capital to which has
been added a profit [Geoffrey, 1988: 3231.
A positive net present value Is Indicative of a project which will yield a.
return In excess of the required rate. A zero net present value indicates
that the expected return will be equal to the required rate, and a
negative net present value that the expected return will be less than
the required rate. Only those projects having a positive or zero net
present value will lead to a decision to Invest.
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The net present value model is based on the premises that firstly, the
series of expected yields are known in their ,ntlrety, secondly, the
surplus payments Dt each occur at time t and intervals of one period,
and thirdly, an uniform interest rate r for the financing of the cash
outflows and the inflows. Underlying the last assumption is a perfect
capital market, I.e. a market in which the rate of interest is determined
by the free play of the forces of supply and demand.
A problem often encountered in determining the net present value of a
project Is the selection of an appropriate hurdle rate to discount the
cash flows. The hurdle rate Is the Interest rate applied in measuring the
profitability of a project under investigation. The hurdle rate Is the sort
of expectation that one would have when the project is approved. The
accuracy of forecasting the cash flows of a project is important In
selecting a hurdle rate. The tendency to conceal data uncertainty in a
higher hurdle rate should be carefully examined.
It is almost a certainty that in a firm with a dynamic setting there will
be more requests for expenditure than there is capital to satisfy them.
The cost of each additional request for the funding of a project Is
measured by the marginal cost of the capital curve which is nothing
else but the discount rate. This curve is relatively flat up to the point
where the normal sources of capital is exhausted; beyond this point,
the cost of capital rises sharply as more expensive sources are being
tapped.
The usefulness of the net present value as a criterion for the evaluation
of the merits of an investment project is critically dependent on the
reliability of the torecastss [Clark/Hindelang/Pritchard, 1989: 79J.
3 This aspect will not be discussed In more detail In this chapter. It will be dealt
with In the chapter dealing with uncertainty in investment decision making.
3.2.2.
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Calculation of the internal rate of return
The internal rate of return is mathematically the solution for i in the
equation:
N
0=1: 0.(1 + n-t • C\-,
N: Life of project
Dt : Project return In year tI: Internal rate of retum
C: Required outlay
The internal rate of return (i) of an Investment is defined as the periodic
compound rate of discount equating the investment cash flows to zero
[Baker, 1981: 222-223; Buchter, 1990: 13; Clark/Hlndelang/Pritchard,
1989: 84·87; Douglas, 1987: 573·576J. The basic idea of the internal
rate of return is similar to that of the net present value. The objective
of the calculation of the internal rate of return Is to solve the equation
for the rate of return, i, assuming that the net present value is zero.
The use of the internal rate of return as a criterion for the making of an
investment decision is to go ahead with a project if i exceeds the cost
of capital. The latter is interpreted as the rate of return on alternative
Investments available to the firm.
The internal rate of return is based on, firstly, the same premises as in
the case of the net present value. It is, therefore, nothing but a
discount rate with a net present value equal to zero. Secondly, the
mathematical solution for equations with n > 3 creates problems
which can only be solved, I.e. bridged, via approximation processes
[Reul, 1957: 1281.
As far as the profitability of a project is concerned, the internal rate of
return does not provide a result which can be used immediately for
decision making. The internal rate of return Is rather a profitability-
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index for an investment project. The profitability issue can only be
addressed by comparing the minimum yield, t.e. the internal rate of
return of competing projects.
3.2.3. Calculation of the point of amortisation
The calculation of the point at which amortisation Is achieved, Is
mathematically the solution for t In the equation:
T
o= t DI ( 1 + r)-t . C
1-1
t: year t In life of project
0t: Project return in year t
r: Discount rate
C: Required outlay
T: Point (time period) 01 amortlutlon
The amortisation point at time T Is defined es the point In time where
the discounted returns from the project Is equal to the financial outlay
required to do the Investment; I.e. to recoup the cost of the Investment
[Buchter, 1990: 14; Gans/LoosslZickler, 1977: 49·50; Hax, 1985: 37-
38; Schulte, 1986: 106). In calculating the amortisation point, It Is
assumed that the cash outflows occur only at the beginning of the
project, compared to the cash Inflows which follow In subsequent
periods (Kilger, 1965: 345; Schulte, 1986: 107). The profitability is,
therefore, measured over a given amortisation period.
Decision makers tend to regard the amortisation calculation as static,
I.e. they do not consider the effects of Interest rates changes and the
possibility of the estimate of results being flawed.
3.2.4.
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Assessment of the three criteria of profitability
When assessing the three models based on the net present value, the
internal rate of return, and the amortisation calculation, it is advisable
to compare the net present value with the Internal rate of return. The
reason being that the net present value and the internal rate of return
are based on the same basic concept. The calculation of the
amortisation point, however, is based on a totally different approach
towards the Investment problem.
3.2.4.1. Comparison of the net present value and the
Intemal rate or retum
For normal Investments the net present value and the internal rate of
return yield Identical results [Baker, 1981: 224). A normal investment
relates to a s1ngltJ, Independent, conventional project (Gllligan/Nealel
Murray, 1983: 125-126; Brlgham/Gapenski, 1991: 258-260).
The conditions faced in real life are, however, often very different from
those dealt with in theory. Evaluation may Involve a project whose
cash flows are not similar to those of the other projects under
consideration. The biggest problem in investment decision making Is
the requirement that the project must have a conventJonlll cash flow
pattern, I.e. the project must have one or more cash outflows in the
first year of Its life and an uninterrupted series of cash inflows until the
end of Its economic life.
The decision maker must deal with the following problems when
evaluating an Investment proposal:
In the ranking of mutually exclusive projects, discrepancies may arise
as a result of the use of the not present value rather than the internal
rate of return. The net present value and the internal rate of return take
It for granted that the cash inflows will bo reinvested. The only
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decisive difference is the discount factor used. The net present value
uses a discount rate based on an evaluation of the overall market
situation; the assumption being that reinvestment will result in a profit
identical to that which will result from an investment In the market.
The Internal rate of return, however, assumes that the discount factor
used in respect of the reinvestment Is the Internal rate of return itself.
This, however, can lead to unrealistic high or low reinvestment rates
and thus to unrealistic results.
The relnwstm,nt rst« Is not an appropriate use of terminology for
what should In fact be called the opportunity cost IIssumptlon. All
Investment projects of equal risk will, from the Investors point of view,
have the same opportunity cost. It will not be appropriate to discount
the different cash flows at different rates unless they carry 8 different
risk. This Is. however, exactly what the Internal rate of return does.
The net present value rule, on the other hand, makes the correct
assumption that the cash flow of all projects of equal risk must be
discounted at the same rate.
When the cumulative cash flow of a project switches from negative to
positive (or the reverse), more than once, the project may have
multiple rat's of return [Baker, 1981: 225). In such a case, no single
percentage presents Itself as an instrument to rank the Investment
proposal. This fact, however, confuses the practitioners more than it
helps to make a decision.
3.2.4.2. Assessment of the amortisation calculation
The calculation of the amortisation point has more or less the same
merit 8S the net present value. It gives a result which Is easy to
Interpret and which Is not affected by the problems Inherent In the
Internal rate of return, namely, multiple rates of return and the
reinvestment assumptions.
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The main disndvantage of the amortisation method is that it ignores all
cash flows material ising from the moment in time when amortisation Is
achieved. This means that projects with a large cash inflow during the
Initial periods will need less time to recoup the investment. They will.
therefore. appear to be more advantageous. The amortisation criterion
does not. as the net present value does. assist the decision maker In
finding the best alternative. It Just helps to find the alternative requiring
less time to reach the point of amortisation. The amortisation criterion
does, however, provide Important Information. In the case of
Insufficient doto. and/or the uncertalntv of such dot0, It Is Important to
know from what point onwards an Investment project will be on the
sofo side.
3.2.4.3. Summary of the use of profitability a8 a criterion
for the making of Investment decisions
Buchter (Buchter, 1990: 221 Is of the opinion that the net present value
should be regarded as a suitable profitability criterion, especially for the
examination of Isolated Investments, provided that the following
assumptions (Brlgham/Gapenski, 19B7: 258·2601 are fulfilled, firstly,
that the series of expected yields are known In their entirety, secondly,
that the surplus payments Rt each occur at time t and Intervals of one
period. and thlrdlv. that an uniform Interest rate r for the financing of
cash outflows as well as Investment Inflows Is assumed. Underlying
this assumption is the presence of a perfect capital market, I.e. a
market where the Interest rate Is determined bV the free play of supply
and demand.
Buchter (Buchter, 1990: 22·231 argued that the use of the Internal rate
of return as well as amortisation can bo traced back to the fact that
investment decisions are, as a rule, taken under conditions of
uncortainty. To overcomo the effects of uncertalntv. certain critical
values for tho Internal roto of return have been Isld down. The critical
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internal rate of returrr' is identical to the discount rate. It is called the
critical internal rate of return because an internal rate of return equal to
the discount rate, indicates that the project is, as far as profitability is
concerned, a border case.
Buchter evaluates the processes of the internal rate of return and
amortisation as follows:
• The Internal rate of return and amortisation duration should be used
In addition to other criteria for decision making [Blohm/Luder, 1988:
80; Schulte, 1986: 111). A decision based solely on the magnitude
of the Internal rate of return or the amortisation duration may lead
to a wrong Interpretation of the profitability of the project
[Kruschwltz, 1987: 41 ).
• The applicability of the profitability criteria, namely the internal rate
of return and the amortisation duration as instruments of
investment decision making Is limited to specific types of
investment. These profitability criteria should be used only in those
cases where the initial surplus cash outflows are followed by
surplus cash inflows [Baker, 1981: 225; Buchter, 1990: 25;
Clark/Hindelang/Pritchard, 1989: 87).
A decision based on one of these profitability criteria Involves agreeing
with the following premises, namely, firstly, the existence of a perfect
capital market, secondly, that the Investment decision can be based on
a single-value system of objectives, and thirdly, that data uncertainty
does not exist or Is not expressly Identified.
An Investment based on such strict premises Is the exception rather
than the rule. Its deviation from reality has stripped It of 8 sound
theoretical base.
4 Also known II the minimum ICClpt.bl. '.11 ol,.turn.
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4. Fundamentals of the theory of investment decision
making
The objective of this paragraph is to examine some of the more
important rules of investment decision making provided by theory as
well as the limitations of such rules.
Investment decision making can broadly be classified into two
categories [Zif/Chatterjee, 1981: 7), namely, firstly, those dealing with
the degree of certainty, uncertainty and risk involved in a project, and
secondly, those decisions resting on a single or a multiple objective.
A single objective is characterised by a final decision based on one
criterion only, l.e. the magnitude of the net present value. In the case
of a multiple objective more than one criterion has to be taken into
account In coming to a conclusion.
In the process of decision making the case may present itself that
there may be an alternative having the highest value for each and
every attribute6 • Such an alternative, commonly associated with the
concept of domlnsncB, will naturally be chosen. No further rules lS are,
therefore, required in order to come to a decision [Chankong/Haimes,
1983: 16). However, such a straight forward case is seldom
encountered.
In practice, decision making rules fall roughly into two categories,
namely optimising rules and slltlsfylng rules. A decision making rule in
the optimising category is in fact a set of rules ordering alternatives
Into a specific ranking. The goal Is to find the best of the alternatives.
A decision making rule in the satisfying category is not ambitious. It
merely seeks a satisfactory alternative. Optimality is sacrificed in
6
6
An attribute Is used to measure the performance of a given alternative, I.e.
-net profit measured in terms of dollars-.
A set of rules that facilitate a complete ranking of alternatives will be referred
to as the decision making rule.
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favour of simplicity and savings in time and cost. Application of a
satisfying rule leads to a partitioning of a series of alternatives into a
manageable number of ordered sub-sets (i.e. two sub-sets labelled:
acceptable, unacceptable; or four sub-sets labelled: good, acceptable,
poor, unacceptable) IChankong/Haimes, 1983: 16·171.
Assume the following four projects as given:
Internal rate of return
Project 1 15 %
Project 2 25 %
Project 3 10 %
Project 4 30 %
A ranking according to the optimising rule would be:
Best project Project 4
Second best orolect Proiect 2
Third best project Project 1
Fourth best project Project 3
A ranking according to the satisfying rule (e.g. minimum internal rate of
return: 20 per cent) would be:
Satisfying projects
None satisfying projects
Project 2 and Project 4
Project 1 and Prolact 3
4. 1. Investment decision making under conditions of
certainty, uncertainty and risk
The Inclination of decision makers to rely on Intuitive rules based on
feeling, experience, or hierarchical power may result in less reliance on
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theoretical knowledge and the models based on such theory
IBlohm/LOder, 1983: 7·9; Steiner, 1965: 931. The danger of this is that
risk and uncertainty are being dealt with in a rather haphazard manner.
Knowledge of the theoretical models is important for all decision
makers, even those relying heavily on intuition and experience. It Is
important to have an intimate knowledge of the theoretical rules
underlying the decision makers intuitive decision making model.
The models for Investment decision making under certainty,
uncertainty and risk will be discussed in the next paragraphs.
4.1.1. Decision making under conditions of certainty,
single and multiple objective decision making
Certaintv? postulates that the decision maker should know the precise
values of all the parameters that may affect the decision in advance.
Decision making under certainty should be seen as highly unlikely In an
uncertain and volatile world. The condition of certainty tends to
present itself in those sectors of the economy characterised by a
relatively stable if not static past. There would thus seem to be every
prospect that this state of affairs will continue for some time to come
IRadford, 1976: 581.
In the folloWing few pages the subject of single and multiple objective
decision making will be examined in more detail under the heading
decision making under conditions of certainty. The main objective of
this discussion Is to help the reader to understand the subject in an
accommodating environment.
Table 1 shows the decision making problem of a firm which intends to
expand capacity. There are five proposals to expand capacity by
7 For a disculiion of decision making under cenalnty Table 1 of this chapter
represents a fictitious decision making situation.
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between 15 per cent and 35 per cent. The expansion of capacity will
result in a certain profitability, internal rate of return, and customer
satisfaction. The customer satisfaction is measured as the on time
delivery rate. The decision maker has to find the best of the five
alternatives.
Table 1: Consequences of Alternative Decisions under Conditions
of Certainty
Alternative Capacity Internal rate of Customer
expansion (%) return (%) satisfaction (%)
1 15 23,5 60
2 20 22,6 77
3 25 21,7 97,2
4 30 20,8 100
5 35 19,9 100
4.1 .1 .1 . Single objective decision making under conditions
of certainty
A single objective decision under conditions of certainty is usually a
relatively straight forward ranking task.
If profitability was the single objective in Table 1, alternative 1,
generating an Internal rate of return of 23,5 per cent, would be
preferred. A decision dealing with one objective only, is relatively
simple. It may involve an ordinal or cardinal utility evaluation [Rlggsl
West, 1986: 7821.
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4.1.1.2. Multiple objective decision making under conditions
of certainty
From Table 1, it can be seen that in this case the decision maker has to
choose among five alternatives Involving two objectives, namely the
internal rate of return and customer satisfaction under conditions of
absolute certainty. From Table 1, It can also be seen that alternative
five, providing for a 35 per cent capacity increase, can be eliminated
straight away. It is dominated by alternative four which has a better
profitability and the same customer satisfaction.
The problem of choice In making an Investment decision Involves trade-
offs between profitability and consumer satisfaction. A decision maker
may make these trade-offs Intuitively to arrive at a ranking of the four
remaining alternatives. To express the trade-off preferences of the
decision maker In a proper way, a formal methodology based on
developing a value function is used.
The characteristic of a value function Is that an Individual magnitude, In
this case the internal rate of return and customer satisfaction, will be
transformed Into a single value unit. In the first approximation this
value unit can be considered as the abstraction of an individual
magnitude. The advantage is that value units of different objectives
can be compared because they are of a neutral dimension. Before
transformation, It would not be possible to compare the advantage of
an Internal rate of return of 23,5 per cent with a customer satisfaction
rate of 60 per cent. In a transformed form all five alternatives will be
measured for profitability and customer satisfaction on a scale 0 to 1.
After transformation it Is possible to compare a factor of profitability of
say 0,7 with a factor of customer satisfaction of 0,4.
An Investment decision Is in most cases a compromise between more
than one oblectlve, The value function allows the decision maker to
quantify the different objectives on a scale that will facilitate
comparing them.
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To compare objectives which are measured in different units, and to
consider trade-cue when there is no interaction, the value function
vtx.y) for x (profitability) and V (customer satisfaction), can be stated
8S:
V(x,VI • aV(x) + bV(y) (1)
The variables vtx), the Internal rate of return, Ytv), customer
satisfaction, and vtx, vl, the composite value, should be measured In
the same value unit. 8 and b are constants. It is convenient to express
or normalise these value units on a scale 0 to 1. The worst possible
outcome In respect of profltabllitv and customer satisfaction would
have a value unit of 0, compared to 1 for the best possible outcome.
The composite value V(x, yl will range from 0 to 1 as long as the
scaling constants a and b fulfil the condition:
a + b =- 1 (2)
The development of a value function vt», vt based on equation 1
assumes no interaction between Vfx} and vtv). The case of Interaction
Is more complicated since vtx) and Ytv) cannot be broken down In a
simple way IZit/Chatterjee, 1981: 111.
A special case of multiple objective decision making Is the
lexlcogrllphlc rllnklng [Bamberg/Coenenberg, 1985: 50; Dinkelbach,
1962: 743; Schneider, 1980: 69-60; Klahr, 1958: 851-855). In this
case the objective which Is regarded as the most important, is elevated
by the decision maker to the position of solB evaluation standard. If
this evaluation does not lead to a definite result, the second most
Important objective (and so on) will be used for the evaluation of the
actions. Should customer satisfaction (Table 1), be the most important
objective a final decision cannot be made because alternatives 4 and 6
are both best alternatives. For the second Important objective, the
Internal rate of return, however, only alternatives 4 and 5 are of
Interest because alternatives 1, 2 and 3 have alroady been eliminated
during the evaluation according to the most Important objective,
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customer satisfaction. As far as the internal rate of return is
concerned, alternative 4 is clearly better than alternative 5. This leads
to the final result, the so-called lexicographic ranking, that alternative 5
is the most preferable.
Another technique for the evaluation of situations of this type is known
as g01l1 programming [Bamberg/Coenenberg, 1985: 52-53; Charnes/
Cooper, 1961: 215-223; Charnes/Cooper, 1961: 215·223; Ijlri, 1965:
34-601. It is, however, Important to bear In mind that this technique
does not provide a general optimum solution for all the objectives
Involved in the decision making situation; nor does It necessarily
determine an optimum solution In terms of anyone of the objectives.
Goal programming Is a method by which deviations from given goals
are measured and minimised. Thus for each objective a certain desired
goal is given. The objective of the calculation process when completed,
Is to find the alternative which comes closest to the given goal, l.e.
having the smallest overall deviation. The minimisation of deviations is,
however, not simultaneous. It Is, Instead, progressive, starting from
the highest priority objective and proceeding step by step to the lowest
priority objective. This procedure requires that the priority between
objectives be expressed in terms of preferences on an ordinal scale. If
such preferences are not available, the order of minimisation of the
deviations can be chosen arbitrarily, or the objectives can be assumed
to be of equal priority. The technique loses some of Its effectiveness
under such circumstances [Radford, 1975: 1401.
The mathematical expression for goal programming Is:
uip: real achievement per objective
up: given goal per objective
Goal programming prefers such an investment alternative where the
absolute deviation (overrun and/or underrun) Is minimal.
4.1.2.
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Decision making under conditions of uncertainty
and risk
In specifying theoretical models, it may be justified to assume that
there is no uncertainty and/or risk. In real business life, however, it is
unlikely that such a problem free environment will be encountered. In
contemporary industry considerations of uncertainty and risk play an
ever increasing role in investment decision making. The growing capital
Intensity of technology, the danger of such technology becoming
rapidly obsolescent, the need to recoup the Investment as soon as
possible, and the deterioration of profit margins, make It Imperative to
use decision making models that will deal effectively with the
uncertainty element.
4.1 .2.1. Decision making under conditions of uncertainty
Uncertainty postulates that the decision maker may not be aware of all
the conditions that may possibly affect the decision and/or that he may
not be able to attach a realistic value to such a probability.
Uncertainty, contrary to risk, is defined as a situation where anyone of
a number of future events may occur. The probability that this will be
the case is, however, unknown [Bamberg, /Coenenberg, 1985: 98;
ClarkI Hindelang/Pritchard, 1989: 197; Douglas, 1987: 23; Radford,
1975: 61; Schneider, 1980: 70·72).
In the literature, a number of decision making rules under conditions of
uncertainty are Identified [Baker, 1981: 51·53; Bambergl Coenenberg,
1985: 98-109; FabryckylThuesen, 1980: 287·292; Gilligan/Nealel
Murray, 1983: 68·72; WOhe, 1981: 138·142; AehkuglerISchlndel,'
1981: 117·127). In the following sub-paragraphs criteria for decision
making under conditions of uncertainty will be presented. Such criteria
present ways In which 8 problem, viewed as a game against nature
(events occurring by chanco), may be solved [Geoffrey, 1988: 74).
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4.1.2.1.1. Decision making with the aid of the maximin-
criterion
In this case the decision maker chooses a strategy which, if events
turn out negatively, will leave him in the least exposed position, l.e.
with the highest profit or the smallest loss. The maximin criterion has
Its origin in the pessimistic or conservative attitude of the decision
maker. It assumes that nature is likely to behave in the most
uncooperative manner. The decision maker will therefore, have to
counter such action as best as he can [Geoffrey, 1988: 78J. He
chooses the strategy with the best worst outcome. The obvious
implication of this criterion is that the decision maker is by nature
cautious or pessimistic, or both [Baker, 1981: 51).
If Pi} is used to represent the payoff for the ,1h alternative and the jlh
state of nature, the required computation is [FabryckylThuesen, 1980:
288J:
ma.x lmln PijJ
, J
4.1.2.1.2. Decision making with the aid of the maximax
criterion
This model encapsulates an approach opposite to that of the maximin
criterion. The decision maker chooses the strategy which, if things go
well, will yield the best payoff, i.e. the best-best payoff [Baker, 1981:
52J. It is very much the approach of a desperate gambler and,
considered in isolation, merits no further discussion [Geoffrey, 1988:
82J.
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As before, if Pij is used to represent the payoff for the /1h alternative
and the lh state of nature, the required computation is
IFabryckylThuesen, 1980: 2881:
max Imax Pii]i j ,
4.1 .2.1.3. Decision making with the aid of the Hurwicz
criterion
To achieve a compromise between the pessimism of the maximin
criterion and the optimism of the maxlmax criterion, Hurwlcz proposed
a criterion which Is a weighted average of the two extremes [Geoffrey,
1988: 83].
A decision maker acting In accordance with this criterion attaches
subjective coefficients of optimism and pessimism (summing to unity)
to the best and worst outcomes of each strategy. Such coefficients
must not to be regarded as probability estimates but as a fingerprint of
an Individual estimation. Even though this approach Is far away from
the Incorporation of an utility functionS, it has to be recognised that the
Hurwicz-criterion allows at least a rough consideration of personal
feelings. This criterion is obviously capable of extension to permit
weights to be given to non-extreme outcomes (Baker, 1981: 51]. A
compromise between optimism and pessimism is thus embraced in the
Hurwicz rule by allowing the decision maker to select an index of
optimism, a, so that Osa.s1.
Once a is selected the Hurwicz rule requires the computation of
max {a (max Pij] + (1-a IImin Pijl)
I I I
8 The subject of utility functions will be discussed later In this chapter under
the heading ·Characteristics of thedifferent utility functions-.
a = 0:
a = 1 :
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Hurwlcz-cnterlon = Maximin-criterion
Hurwicz-crttenon = Maximax-criterion
whore Pij is the payoff for the ,1h alternative and the lh state of
nature.
4.1.2.1.4. Decision making with the aid of the Laplace
criterion
This criterion Is an attempt to bridge the gap between risk and
uncertainty by suggesting that a decision maker simply assigns equal
probabilities to all states of nature! and then adopts the strategy with
the highest probability weighted average payoff IBaker, 1981: p. 51J.
In the absence of such probabilities one might reason that each
possible state of nature Is as likely to occur as any other. The rationale
for this assumption Is that there Is no obvious reason for one state of
nature to be more likely than any other IFabryckylThuesen, 1980: p.
287J. Thus the Laplace-criterion Is sometimes called the prine/pie of
Insufficient mllson.
Under the Laplace principle the probability of the occurrence of each
future state of nature Is assumed to be l/n; n being the number of
possible future states.
To select the best alternative, one must compute the arithmetic
average of the pay-off of all possible states of nature for each
alternative. If Pij Is used to present the payoff for the ,1h alternative
and the!h state of nature, the required computation Is:
max{1/n (I Pij)}
/
9 Baker, 1981: 49·60 defines "slale of nalure" .. lhe opposite of the
framework of game theory, which requires an Inlelligenl opposite. ·State of
nature" can be considered 15 a future event; although the different possible
fUlure events are known, their probabilities are unknown.
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4.1 .2.1.5. Decision making with the aid of the Savage-
Niehans-criterion, the minimax regret rule
A decision maker, having selected an alternative, and being all of a
sudden faced by a state of nature substantially different from that
when the original choice was made, may regret his initial decision. This
regret is the difference between the payoff which would have been
achieved with perfect knowledge of the future and the payoff actually
achieved as a result of the alternative originally chosen. The minimax
regret rule Is based on the premise that a decision maker wishes to
avoid any regret or at least to minimise his maximum regret about a
decision [FabryckylThuesen, 1980 291; Baker, 1981: 63; Geoffrey,
1988: 80).
The application of the minimax regret rule requires the formulation of a
regret matrix. This Is accomplished by identifying the maximum payoff
for each state. Each payoff In the column is then subtracted from the
maximum payoff Identified. This Is repeated for each column.
If the regret values are designated Rlf for the ,th alternative and the lh
state, the minimax regret rule requires the computation of:
min [max RijJ
I j
4.1.2.2. Evaluation of the decision making criteria under
conditions of uncertainty
The more common decision making rules described In this chapter will
leave the reader with the feeling of being lost. Not only does he have
an investment decision to make but he must also decide how he Is
going to make the Investment decision. It is unlikely that each decision
criterion will result in the same action being taken, and it Is certainly
not suggested that the decision taken will be the most popular one.
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Consideration of the various criteria will enable the decision maker to
clarify his objectives and his attitude towards uncertainty. This insight
into the mechanism of decision making holds advantages.
It is not difficult to find fault with the different criteria [Geoffrey, 1988:
891. Examination of the course of action recommended by the different
decision making rules will reflect the merit of each criterion
[FabryckylThuesen, 1980: 2921.
The maxImIn and max/max crltBria are, respectively, excessively
cautious and optimistic. For real decision making it seems advisable not
to follow one of the two rules exclusively.
The key consideration in applying the Hurwlcz criterion is the choice of
a value for a. The subjective Judgement involved provides for some
added knowledge, such as a feel for the problem even though such
feeling may be undefined. Pure optimism and pessimism are special
cases of the Hurwlcz criterion.
The Laplac. crltBrion admits that it Is Impossible under conditions of
uncertainty to estimate the outcome probabilities. The rationale behind
this theory is that there Is not sufficient reason to believe that one
state of nature will be more probable than another. Each one should,
therefore, be assigned an equal probability of occurring. In the day to
day business situation the laplace criterion is certainly the simplest to
apply. The question Is only whether It reflects reality. Fact Is, however,
that the decision maker has no Information at his disposal that would
indicate that one state of nature is more likely to happen than another.
The SavagB·NIBhans-crltllrlon, I.B. the minImax regret rulli, highlights
only the largest opportunity costs, disregarding the other payoffs.
Another argument against the Savage·Nlehans·criterlon Is that the
addition of Irrelevant Information to the matrix may switch the
alternative preferences. It may happen that the addition of an irrelevant
state of nature may cause a high regret content for the, until now,
best alternative. The third best alternative may in fact harbour 8 small
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regret content. The incorporation of additional information, which was
initially regarded as irrelevant, may result in the original best alternative
losing its first ranking.
A realistic decision making model should allow for mixtures of the
different criteria and some inconsistency amongst the different
decisions. Some of the decisions may not be entirely satisfactory. They
may, however, be very informative of the uncertainties and the
economic variables facing the decision maker IBaker, 1981: 54).
4.1.2.3. Decision making under conditions of risk, a special
case of uncertainty
The major assumption underlying decision making under conditions of
uncertainty, referred to in chapter 4.1.2.1., Is that no Information Is
available with regard to the probabilities of the different events that
may occur. The availability of probabilities for the possible state of
nature reduces the uncertainty to the risk-level IBamberg/Coenenberg,
1985: 60·62; Clark/Hindelang/Pritchard, 1989: 197; Dinkelbach, 1974
Sp. 1297; Knight, 1957: 20 and 197-233; Radford, 1975: 59·61;
Schneider, 1980: 70).
4.1.2.3.1. Decision making with the aid of the Bayes decision
making criterion (expected return criterion)
The Bayes decision making rule, I.e. the expected value, is a standard
measure for comparisons involving risk. It evaluates the effect of risk
on potential outcomes by means of a weighted average.
The expected value (EV) is calculated as follows:
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Where Pj is the independent probability of future j, r Pj = , .0, and Qij
is the outcome of alternative i for future [.
The essence of the Bayes decision rule is [Gordon/Presman, (): 85):
If all possible expected earnings values are available, examine each
possible strategy to evaluate its expected payoff. The optimal strategy
Is the one with the best expected value.
For each possible strategy, multiply the Individual payoff values with
their probabilities. The sum of these products is the expected monetary
value for the relevant strategy. The strategy with the best expected
monetary value Is the optimum strategy. This decision rule mirrors the
attitude of a decision maker with a neutral attitude towards risk.
4.1.2.3.2. Decision making with the aid of the Bernoulli
decision making criterion (expected utility criterion)
The shortcomings of the expected return criterion, the Bayes decision
making rule, can be illustrated by considering the classic problem
known as the "St. Petersburg Paradox"'o. which was first formulated
by the Swiss mathematician Bernoulli.
"Peter continues to toss a coin until it lands -heads-. He agrees to
give Paul one ducat should he get "heads" on the very first throw,
two ducats should he get It on the second. four if on the third. eight if
on the founh, and so on. so that with each additional throw the
numberof ducats he must pay is doubled. What would be a fair price
for Paul to pay for the opponunity to plav such a game? As there is
no theoretical limit to the number of tosses, the mathematical
expectation of the game is Infinite: t.e, the principle of maximum
return is Invoked. Paul should be prepared to pay any sum. however
large, for the opponunity to play the game I Reality shows, however,
10 For a ahon history of the St. Petersburg ParadolC. or the St. Petersburg Game
as it is often called, see Fellner, 1965.
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that nobody would be willing to pay II high sum for the opportunity.
because the individual expecreuon would stop them doing so".
The solution proposed in the 18th century by the mathematician
Bernoulli (Bernoulli, 1738: 175·192) and his contemporary, Cramer.
who resolved the problem by rejecting the principle of maximum
expected /tUum by substituting It with the expected utility. Their work
was an important intellectual milestone in the development of the
modern theory of choice under conditions of risk.
The BemoulH criterion, expected-utlHty criterion, Is similar to the
expected value criterion, the Bayes decision making rule. Cramer and
Bernoulli in fact developed it from this criterion. In principle, they
agreed that the preference function should be the mathematical
expectation of a value quantity. However, they argued that this value
should be of a subjective rather than an objective nature. "Because
what one normally understands under the calculation of a risk is
nothing other but a weighing up (Intended in the mind of the decision
maker) of suitably evaluated consequences whereby the weights of
this weighing up is linked to the probabilities of these consequences"
IBamberg/Coenenberg, 1985: 901. They, therefore, employed the index
function U(X) as a cardinal utility function for non-random wealth
ISinn, 1983: 701.
If utx) represents the utility function, the expected utility can be
expressed as
Bernoulli utility = EIU(x) )
It is noteworthy that the optimal action is not given in a generally
accepted mathematical manner, l.e, through the expected value, but
depends on the subjective attitude, I.e. utility function, of the decision
maker towards risk.
This basic Idea of the Bernoulli criterion was a breakthrough in
describing the real attitude of decision makers. In everyday business
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life it may be difficult to find a decision maker who is risk neutral. Even
if there is no interest at all in finding a solution for an investment
problem, the decision maker may still be interested in covering his own
position. This will lead automatically to risk aversion. Many
misunderstandings and misinterpretations may be avoided in business
life by incorporating the Implications of the Bernoulli criterion in
decision making.
As shown above the decision maker may, via the utility function,
express his general attitude towards risk. He may thus Indicate
whether he Is risk neutral, risk aversive or risk accepting.
The utility function can be split into four categories, namely, concsve
for risk aversion, Onellf for risk neutrality, convex for risk preference,
and IIrbltrllry for a mix of aversion, neutrality and preference.
The characteristics of these utility functions will be discussed in the
following sub-paragraphs.
4.1.2.4. Characteristics of the different utility functions
An individual's willingness to accept or avoid risk in a decision making
situation Is obviously an intrinsic characteristic of his or her personality.
This personal attribute is of great importance in managerial decision
making.
It is not necessary, for instance, that a double goal contribution, I.e.
double amount of net present value, should be regarded as a double
utility by the decision maker". This would only be the case If the
decision maker Isacting according to a linear utility function.
11 If someone could get R 200 from an enterprise rather than R 100. it does not
necesllrily mean that the R 200 would have twice the utility of the R 100.
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The relationship between goal contribution and utility depends solely
on the attitude of the decision maker towards risk. It is, however,
important that the decision maker should be aware of the utility
functions that he may harbour.
One cannot generalise as to which of the typical utility functions,
discussed below, should be regarded as being the best or the most
practical [Bamberg/Coenen berg, 1985: 73-76; Douglas, 1987: 39·43;
Harrison, I): 196; Pfohl/Braun, 1981: 235-238; Sieben/Schildbach,
1990: 661. This will vary from case to case and from decision maker to
decision maker. The concave utility function (risk aversion) Is generally
regarded as reasonable by experienced people [Hlrshlelfer, 1966: 254-
264; Marshall, 1949: 135). The use of this conclusion as a general
guideline would, however, be a totally unsubstantiated attitude
towards risk.
4.1 .2.4.1. Characteristics of risk aversion (concave utility
function)
Risk aversion is defined as the sense of disutility caused by
uncertainty, t.e. the dispersion of possible outcomes of an act causes
the risk averter to experience psychic dissatisfaction, i.e. disutility
(Graph 1).
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Expected monetary return
Graph 1: Concave Utility Function
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Business decision makers are generally expected to be risk averse.
They do not like risk per se and are only prepared to undertake risky
situations it adequately compensated for such risk. The greater the risk
awareness, the greater the return required to offset such risk (Douglas,
1987: 391.
4.1 .2.4.2, Characteristics of risk neutrality (linear utility
function)
Risk neutrality occurs when the subject is indifferent to risk. He derives
no utility or dlsutility from risk regardless of the magnitude of the risk
involved (Graph 2).
Expected monetary retLn1
Graph 2: Linear Utility Function
4.1 .2.4.3, Characteristics of risk preference (convex utility
function)
Risk preference occurs when risk is perceived as a utility-producing
good. Such a subject is prepared to sacrifice prospective profits for a
higher degree of risk (Graph 3).
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Expected monetary return
Graph 3: Convex Utility Function
4.1 .2.4.4. Characteristics of an arbitrary attitude towards risk
(composite utility function)
The linear, convex and concave utility functions are representative of
homogenous types of utility models. It is, however, feasible to combine
different types of utility functions into a composite utility function
more representative of reality.
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Graph 4: Arbitrary utility function
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An arbitrary attitude (Graph 4) towards risk means that the relationship
between risk as perceived, and the return required, depends on the
absolute magnitude of the money involved in the investment
IFriedman/Savage, 1948: 2951.
4.1.2.5. Evaluation of decision making criteria under
conditions of risk
Comparison of the Bayes decision malting rule with the BsmoulH
decision m,klng rule shows the Bayes rule as a special case of the
Bernoulli rule, l.e. the case of a risk neutral decision maker.
Risk neutrality Is, however, not common amongst business decision
makers IDouglas, 1987: 43; Hlrshlelfer, 1966: 254-264; Marshall,
1949: 1351. This fact forbids the application of the Bayes decision
making rule for almost all business decisions involving risk.
An exception is insurance companies, not Insurance holders. An
insurance polley Is essentially a bet that something adverse will
happen. A fire Insurance holder is taking a bet that his house will burn
down sooner or later. He has to decide whether an insurance premium
should be paid, l.e. whether the financial risk in case of a fire should be
accepted or pushed onto someone else. The decision is indicative of his
attitude, his personal utility function towards risk. For the insurance
company, however, the bet Is almost risk free. They know from
observations over a long time and actuarial tables what the probability
Is that the house will burn down. The calculation of the premium
involved in the acceptance of the risk is done with the assistance of an
actuary.
The personal involvement (utility function) of the two parties to the
insurance contract differs therefore rather fundamentally: The
Insurance holder has to make a decision which will save or consume
his money. He has to decide whother he is willing to spend a certain
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amount of money in order to find someone willing to carry the financial
risk should his house burn down. For the insurance company the
decision is much easier. The officials of the insurance company know
that on average 0,5 per cent of all insured houses will burn down
annually. Such knowledge enables them to determine the insurance
premium. They are not personally Involved in the fate of each and
every insured house. It is unimportant whether the house of Mr. A or
Mr. B. will burn down. This Is not true for Mr. A and Mr. B. The risk of
financial loss should the house burn down Is large for the subject
seeking Insurance. The prospective loss for the insurance company Is
of no significance.
Even Insurance companies will, however, run into problems should the
Insurance premium be calculated with the Bayes rule If they cannot
compensate the attitude towards risk with long time observations or
other statistical material. Databases for the study of unusual events do
not exist. Insurance covering the possibility of a collision of a
meteoroid and a spaceship, or an aircraft crashing Into a nuclear power
station is not available because of the lack of a database. The only way
to solve such problems is to apply the Bernoulli decision making rule.
There may be a valid reason for an insurance company to Insure the
flight of a space shuttle against all kinds of collisions. Even when the
probability, and thus the expected value of such an incident Is not
known, it may be good speculation (risk preference as a utility
function) to use the risk involved for advertising purposes.
As a bottom line, it can be stated that the Bernoulli criterion meets the
daily requirements better than the Bayes criterion. Dally business
decisions are normally decisions which require the Incorporation of a
certain kind of risk aversion, risk neutrality, or risk preference. Even In
the case of risk neutrality, which rectifies the Bayes decision making
rule, it may be more appropriate to base the decision on the Bernoulli
criterion because It forces the decision maker to determine Intentionally
his attitude towards risk as neutral.
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4.2. Incorporation of the individual investment data
uncertainty12
In the previous paragraphs the decision making rules to cope with
certainty, uncertainty and risk were discussed. It was assumed that the
Input data for the alternatives were fully known. The unknown part
was nothing but the uncertainty or risk Inherent In the state of nature.
There is general consensus in the literature that individual data
uncertainty cannot be eliminated completely In spite of all the attempts
at optimal data processing.
4.2.1. Compensation of data uncertainty with the process
of data correction
The process of data correction takes the uncertainty of expectations
Into consideration by bringing positive or negative risk surcharges into
account [Lutz, 1951: 192; Pflomm, 1963: 41; Schneider, 1980: 246;
Terborgh, 1967: 274; WlUchi, 1975: 108-1131. The modification of the
Input data is done in such a manner that the aggregate investment Is
evaluated in terms of the worst scenario. Information relating to
prospective positive developments and their probabilities are normally
disregarded. Such results are regarded as bonuses. Data correction is
normally done in the following way: the cash inflows are identified as
smaller than expected, the prospective life of the project as shorter
than expected, and the cash outflows and the Interest rate, the
discount rate, as higher than expected. The magnitude of the data
correction is dependent on the subjective estimate of the risk.
12 The meaning of ·uncertalnty· may lead to some confusion. It Is used In this
context as a generic term for the inaccuracy of the data involved. and not as
something separate from risk andcenainty.
4.2.2.
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Compensation for data uncertainty with the aid of
sensitivity analysis
Sensitivity analysis is defined as the evaluation of the degree of
Inaccuracy in the underlying assumptions that can be tolerated without
regarding the decision based on such assumptions as not appropriote
[Clark/Hindelang/Prltchard, 1989: 235·239; Douglas, 1987: 59-60;
FabryckylThuesen, 1980: 250·266; Schneider, 1980: 433·435; Walchl,
1975: 118·120).
It Is general knowledge that many of the variables which determine a
project's cash flow are subject to some form of probability distribution,
l.e. guesswork rather than certainty. Changes In a key Input variable
such as units sold, may have a significant effect on the net present
value and the Internal rate of return of a project. Sensitivity analysis Is
a technique showing by how much the net present value and/or
internal rate of return will change In response to a given change In a
single Input variable, other things remaining constant.
The main objective of sensitivity analysis is to ask "what If" questions.
"What will be the result should the number of units sold change 7".
"What will happen should the sales price fall below a certain level 7"
and so on. Sensitivity analysis Is designed to provide the decision
maker with answers to questions such as these.
In sensitivity analysis, each variable Is usually changed by specific
percentages above and below the expected value, other variables
remaining constant. After each and every Input data-change a new net
present value will be calculated. The final step Is to plot the derived net
present values against the variable that was changed. The slopes of
the curves are Indicative of the sensitivity of the project's net present
value to changes In each of the Inputs. The steeper the slope, the more
sensitive the net present value is to a change In the variable.
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Should the decision be sensitive to a specific variable, the decision
maker should endeavour to obtain more information regarding the
sensitivity-causing variable.
4.2.3. Compensation for data uncertainty with the aid of
risk analysis
The basic idea of risk analysis Is not to work with fixed values of Input
data but rather with probability distributions. The probability
distributions are obtained either by empirical frequency distributions or
subjective estimates. The result is a probability distribution evaluated in
terms of a mathematically determined expectation value and a standard
deviation. The mathematical process relating to risk analysis has been
fully discussed In the literature and will not be dealt with here
[Blohm/Lader, 1983: 196-220 and 164-267; Brlgham/Gapenski, 1987:
417-418; Fischer, 1981: 248-253; Geoffrey, 1988: 357-364; Hertz,
1964: 95-106).
4.2.4. Evaluation of the different processes to incorporate
data inaccuracy
The dBtB correction processes need not to be considered more fully in
this dissertation, although such corrections are often of critical
importance. Correction of data is almost invariably based on estimates,
which are often biased. The decision may thus become even more.
distorted than it would have been had there been no fiddling with the
data.
Although sensitivity analysis has Its merits, the main disadvantage of
such analysis is that the results cannot be converted into a direct
decision making criterion. The process often leads to substantial
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mathematical problems during the simultaneous variation of the input
data (Riggs/West, 1986: 397).
Seen from a theoretical or mathematical point of view, risk IInlllysis is
the most suitable model for including the data uncertainty in the
calculation process. Risk analysis often suffers from the disadvantage
that it is based on mathematically complex formulae. Such complexity
bedevils its use in everyday business decision taking.
In surveys of the practices of Investment decision making, 20 to 30
per cent of the companies questioned regard risk analysis, amongst
other evaluation processes, as a technique based on sound principles
(Petry, 1975: 64; Van Vleck, 1976: 169). This percentage is probably
higher in large enterprises. The authors of the surveys were, however,
of the opinion that the survey results may not be a true reflection of
the practical value of risk analysis. Computer programmes for
simulation risk analyses are frequently used by companies. Their
application may be limited to new investments during any planning
period. The attitude of industry towards risk analysis Is reflected by an
internal company guideline. The following was stated
(Meerman/Meyer/Greve, 1984: 75; Kruschwitz, 1985: 271-280): Risk
analysis with the aid of a simulation model based on probability is only
applied in the case of large scale projects because of the degree of
complexity Involved, especially In respect of data acquisition.
4.3. Link between investment planning and financial planning
• capital costs under uncertainty
The large number of investment decision making models examined up
to this point will guarantee reasonably good results, even under
conditions of uncertainty. The process of investment decision making,
however, Is often only part of the whole process of establishing 8
project. The second part of the process concerns financial decision
making.
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Firms are usually organised in such a manner that people who are
involved in the investment decision making process are normally not
involved in the financial planning of the project. Although this
arrangement makes the lives of investment decision makers easier, It
is, however, subject to a number of premises which should be
identified.
In some businesses, investment planning of projects takes place
without simultaneous financial planning (Tobin's separation theorem
(Tobin, 1957/58: 65-86». A given minimum rate of return, I.e. the
discount rate for the calculation of the net present value is usually
considered to be a reliable indicator of the profitability of the project
and serves as the link between Investment planning and financial
planning.
This non-simultaneous investment and financial planning is an in-house
organisational necessity in large businesses. The reasons for this
procedure are twofold, namely, the experts doing the planning of
Investment projects are engineers and technicians who do not have the
specialised knowledge required for simultaneous Investment and
financial planning (Wildemann, 1982: 162 and 1761. The only interest
of this specialised group is whether a given profitability will be
achieved. The second reason for the disparate procedure relates to the
fact that company financing cannot be determined daily or be
implemented by the various divisions of a large business organisation
(Frank, 1958/59: 11I. (" ... insofar as no operational relations exist
between the goal conception of the total enterprise and the goals of
the sub-systems, there are often conflicts as to which policies and
decisions of the sections (sub-systems) may best serve the general
interest- (Bldlingmaier, 1968: 165)) .
The separation of Investment and financial planning is often a relief for
the practical investment decision maker not well versed in modern
financial planning. However, by doing so the arrangement runs the risk
of ignoring a close scrutiny of those premises which should be
examined more ceretullv.
51
Knowledge of such premises are often of great importance as far as
the running of a successful business operation is concerned because
the ultimate decision maker, the financial manager, has to know what
he is letting himself in for when planning the method of finance and
the many obligations flowing from it. When measuring the Investment
project against a given minimum yield, the project planner should know
what this minimum yield means, l.e, what financial factors are be taken
Into consideration.
This aspect is well discussed In literature dealing with the Capital Asset
Pricing Model (CAPM) (Elton/Gruber, 1981: 274·289; Haugen, 1993:
196-217; Khoury, 1983: 122-131). In this dissertation Interest will
mainly be focused on some aspects of capital costs under conditions of
uncertainty.
4.3.1. Determination of capital costs under uncertainty
with the aid of the capital asset pricing model
The capital asset pricing model provides a comprehensive theory of
finance, linking the decisions of the financial manager to the risk-return
expectations of the investor [Clark/Hlndelang/Pritchard, 1989: 310).
The model itself has a theoretical basis of great complexity. The
objective of this dissertation is not to summarise the extensive
literature underlying the model. A detailed discussion of the capital
asset pricing model would go beyond the scope of this dissertation. It
will, therefore, be briefly discussed with a view to understanding the
basic Idea underlying It.
The capital asset pricing model assumes that there are only two
categories of assets, namely, risk free Interest bearing assets Issued by
the state or Its agents, and secondly, securities with no certainty of
the yield as well as the capital sum. Such assets are, therefore, risky.
Investors will compile a portfolio of the two categories of assets In
accordance with their risk profile and their yield expectations. The
composition of the individual portfolios is, therefore, a trade-off
between risk and yield. The capital mllrket nne Is a curve reflecting the
preferences of the individual investors as far as risk and yield is
concerned. The information reflected by the capital market line makes
it possible to predict the expected rate of return for all portfolios
The capital market line, however, does not give any Information with
regard to a single security being part of the market portfolio. This
information can be obtained from the security market nne13. The
13 The model of the security market line Is based on the writings of the
following authors (Elton/Gruber, 1981: 283; Haugen, 1993: 207·208; Khoury,
1983: 127; Levy/Sarnat, 1984: 409; Schneider, 1980: 6281.
The equation for the security market /lne Is:
E(Aml· RF
aiM
Bj --
/lIM
market wide risk premium
measure of systemic non·diversifiable risk
(This risk can not be eliminated by diversifying the
portfolio)
asset i risk premium
The equation states that the expected rate of return on an asset, E(Ai)' Is
equal to the risk free rate, RF, (compensating investors for delaying
consumption over the planning horizon), plus a risk premium, (E(Rm) • AFI •
Bj (compensating them for taking the risk associated with the investment).
Ttie risk premium itself can be broken Into two parts. The term (E(Rm) - AFlls
the risk premium for the market portfolio. It can also be regarded as the risk
premium for an average, or representative, security. To obtain the risk
premium for security I, multiply the risk premium for an average security by
the other term, the risk measure for security I, Bj [Haugen, 19932081.
The contribution which an individual asset makes to the variance of the
market portfolio Is measured by the covariance between the aSlet and the
market. Since the beta factor of an asset Is equal to the covariance divided
by the market's variance, and since the market's variance Is the same for all
assets, we can measure the risk of an asset by either Its covariance with the
market or its beta. Since beta Is Intuitively more appealing, we shall use it as
the measure of the risk of a particular ISset (Haugen, 1993: 2061.
In other words Bj measures the lth security's ..,."mIc 01 und1wHslvl.bIe risk,
the component of its risk which cannot be neutralised lBaker, 1981: 2421.
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security market line gives information with regard to the relation of the
riskiness of a single security compared to the riskiness of the whole
market portfolio. The rate of return of a security is measured by the
correlation of that security's rate of return with the market rate of
return. The information obtained from the security market line can be
used to measure the risk of a single security as being so much higher
or lower than the risk for the market as a whole.
It Is Imperative that all decision makers, also those In day to day
business situations, should know what Information can be obtained
from the security market line equation regarding the capital costs for
risky projects14• When considering the capital asset pricing model it
should be understood that the model Is based on many assumptions
which would hardly apply In the day to day business environment. It Is
also important to realise that the knowledge obtained from the security
market line equation will compel decision makers to regard all projects
as risky and fraught with Imponderables.
The most significant feature of the cost of capital given in the equation for
the security market line is the absence of any awareness of the imponance
of the investment's effect on the firm's own risk.
The relationship between a project's expected rate of return and its beta-
coefficient may be of assistance in finding an answer to the problem of
Identifying a non-arbitrary risk premium for risky investment projects. The risk
premium appropriate to a project, given the characteristics of the market,
depends on the beta-coefficient of the project and nothing else.
The capital asset pricing model not only explains asset prices, but it provides
an analytic basis for brilliant, if not entirely reliable, Intuition. Asset risk
premiado not depend entirely on the total risk underlying an asset, but rather
on the relationship of the asset to the market as a whole. Since the market
aggregates all risk Inherent In its ponfolio, only the relationship between the
asset and the market portfolio, l.e. its beta-coefficient, can determine the risk
premium for an Individual asset IRoss, 1978: 8861.
This finding would seem to deviate rather fundamentally from the traditional
view of the cost of capital which focuses on the effect which a project is
exeected to have on the firm's overall risk profile IBaker, 1981: 2451.
14 In the daily business situation each and every project is more or less risky.
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The main merit of the model is that it focuses attention on especially
those aspects which are of major importance for the handling of risky
investment projects. The insights obtained, especially when
approached in a pragmatic manner, are invaluable in approaching the
risk factor along lines more compatible with everyday business
practices.
It is important to observe that no theory is better than the assumptions
upon which It rests. Before considering the practical significance of the
capital asset pricing model, one should be aware of those aspects of
the model that may cast some doubt on its practical relevance.
The assumptions under consideration are the following. Firstly, that all
Investors should have the same expectations about securities and their
relevant correlation coefficients [Baker, 1981: 243; Copeland/Weston,
1979: 160; Jensen, 1972: 5]. Information relating to securities should
be available simultaneously and at zero cost for all investors. Secondly,
all Investors should be In a position to lend and/or borrow freely at the
same risk-free Interest rate. Thirdly, there should be no transaction
costs. Fourthly, there should be no distortion as a result of taxation of
dividend Income and capital gains, and fifthly, all investors should be
similarly motivated as far as the general nature of their utility functions
are concerned. A one-period horizon should be observed in their
portfolio decision making.
It is sufficient to note that the presence of diverse imperfections may
jeopardise the direct application of the model, mainly the security
market line, for capital budgeting purposes. This will be investigated In
the following paragraph.
4.3.2.
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Evaluation of the practical significance of the
capital asset pricing model (capital costs under
uncertainty)
Although the capital asset pricing model presents a coherent theory, its
practical application may be in Jeopardy considering the strict and
perhaps not realistic assumptions underlying it.
The premises of a perfect capital market and the availability of perfect
Information to all market participants in particular would seem to be
unrealistic. The same holds for the premise of one Interest rate
Independent of the life of the project. Schneider refers to these
assumptions as "outrageously unrealistic prerequisites" [Schneider,
1987: 360).
Even If the model Is based on an unrealistic and totally untenable view
of reality [Schmidt, 1988: 244; Brlgham/Gapenskl, 1987: 61], it may
not be appropriate to come to the conclusion that It has no or very
little practical significance. Andrews observed that "the application of
theoretical models lags behind the output of research, making the latter
prone to the perils of faddism" [Andrews, 1979: 11). One must,
however, be aware of the fact that models have validity only within
the framework of their premises. Efforts to develop Instruments which
can be used to assist with the solution of practical problems may not
only raise false expectations, but even their indirect use may be
fraught with problems.
Using the capital asset pricing model as a starting point for the solution
of pragmatic problems and not as a final point in an explanatory model
[Fama, 1976: 382; Ross, 1978: 892·894), may enable one to tackle
the problem of what can be derived from this model for concrete
Investment decision making. The model as such may, however, not be
of direct use in decision making.
As shown above, the objective of an investment Is normally to obtain a
minimum yield, I.e. a given discount rate Identical to the real interest
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rate on risk tree investments, or that rate and a risk premium on assets
of a lesser quality. The systemic risk of the investment is therefore
regarded as part of the market portfolio. Obviously one will have to
indicate the extent to which the risk of the individual enterprise may be
greater or smaller (p·value) than the market risk. No conclusion can,
however, be made about the Indlvldu6/ risk of a spedHc Investment
within the enterprise with its systemic enterprise-risk.
Continuous use of a single minimum yield, l.e, the discount rate, may
result In the general belief that the risk Inherent In a project always
equals to the average risk (t.e. the systemic risk) of the enterprise
(Baker, 1981: 246). The fact that this assumption may be a
simplification of reality will not be discussed more fully In this
Investigation. A close relationship between the risk Inherent In the
different Investment projects, l.e, the Indlvldus/lnvestment risk, of an
enterprise, and the average risk of the enterprise as part of the whole
market, I.e. the systemic risk, may be purely coincidental'6.
At the present stage of the development of the capital asset pricing
model a pragmatic approach Is perhaps the most appropriate.
Investment projects should therefore be appraised In terms of the
\ traditional as well as the model's criteria. Discrepancies between the
two sets of criteria should be resolved in the light of considerations
such as risk, the cost of liquidation, the nature of the market for the
firm's equity capital, and the reliability of the data on which rival
appraisals are based [Baker, 1981: 250].
It is an objective of the remaining part of this Investigation to
Incorporate Indlvldu6/ Investment risk into the decision making model,
and to do this In such a way that It corresponds to the dally
operational requirements of the decision maker.
16 A car manufacturer may carry a certain risk which Is linked, firstly, to its
positioning amongst competitors and. secondly, to the overall car market. If
the same manufacturer intends to buy a robot welding machine there is no
reason why this Investment should have the same rlak lIS the overall car
market.
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4.4. Summary of the findings relating to the evaluation of the
decision making models
Examination of the merits of the different investment decision making
models leaves one with no option but to conclude that no superiority
can be attached to any specific theory. The use of single and multiple
criteria in the decision making process, and the taking of decisions
under conditions of certainty, uncertainty and risk should be done with
a clear knowledge of the limitations involved, and the reality or not of
the premises underlying the model.
A characteristic common to all the models is that none of them cater
fully for the needs of the decision maker. Most of the models are
directed at specific Investment problems. Their usefulness as
instruments for Investment decision making In general Is often rather
limited, mainly because of the complexity of the volume of data
required. The result Is that managers have not adopted many of the
decision making models developed by academics because these models
rarely work in the unstructured situations facing managers1! .
The remaining part of this chapter presents results of empirical
investigations: the objective being to demonstrate some of the
problems encountered in making investment decisions.
5. Some empirical investigations relating to the European
industry
One of the main objectives of economics Is to furnish the economic
agent with tools and the theoretical knowledge essential for strategic
decision making In the business world (Bamberger, 1981: 97). The
relevancy of theory In the practical world of business Is beyond
dispute. The task of theorists Is thus to provide an explanation for
16 Final statement from ShrivaatavalMiuoff. 1984: 18·26 regarding their
Investigation.
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practical phenomena as well as to assist in finding solutions for
everyday problems (Weston, 1977: 2401. Ross drew the following
comparison IRoss, 1989: 541 J: -like engineers who use physics,
financial engineers use the techniques of modern finance to build the
financial equivalent of bridges and airplanes.•
In the following paragraph studies bearing on the European (mainly
German) Industrial investment scene will be critically examined. The
objective being, firstly, to evaluate the merit of Investment decisions
taken in this environment, and secondly, to look at the practices
applied in order to deal with data uncertainty.
6.1. Observations relating to the application of various
investment decision making processes
In an empirical study [Schutt, 1979: 291 of the functioning of
Investment decision making departments in 74 companies, Schutt
divided the investment decision making models used into three
categories (see Table 2), namely those dealing with, firstly, the
investment decision making process, secondly, those handling the
information process, and thirdly, those handling the operations
research process (Schutt, 1979: 172·1741.
A closer scrutiny of the investment procedure reveals that industry
gives preference to a static calculation procedure rather than a
dynamic one. More than 60 per cent of all investment calculations are
based on static processes. 75 per cent of the companies use the static
processes in addition to other models. Dynamic processes are used by
approximately 60 per cent of the companies for the calculation of the
profitability of a project. 10 per cent of the companies are still using
the MAPp7 model (Terborgh, 1967: 55·95 and 121·1581.
17 MAPI IMachinery and AJlied Products Inilitutel II ballcally a rate of return
telt comparing a defender wilh a challenger and an improved challenger.
Table 2:
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Use of Quantitative Processes within the Framework of
Planning
Type of model Model Percentage
of use
Capitalbudgeting techniques
Static models Cost comparison 48
Cost accounting comparison 42
Pay back comparison 37
Profit comparison 24
Dynamic models Internal rate of return 42
Net present value 36
Annuity 13
Other models Capital budgeting 7
MAPI 3
Statistical techniques
Forecasting technique Trend analysis 65
Regression analysis 65
Exponential smoothing 14
Budgetary accounting Determination of probability 46
under uncertainty distribution
Risk analysis 12
Variance analysis 9
Test of hypothesis 5
Operation research techniques
Different models Critical path method 22
Simulation technique 12
Heuristic budgetary accounting 7
Dynamic budgetary accounting 7
Sensitivity analysis 4
Non-linear budgetary accounting 2
Grabbe (Grabbe, 1976: 181 came to an almost similar conclusion In an
empirical study conducted In 1974. In a survey of 369 large enterprises
in the Federal Republic of Germany it was found that 40 per cent of
the companies base their Investigations on a static model, compared to
60 per cent who use dynamic models. As a rule however. these
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companies backed their dynamic models up with static models. Only 6
per cent of the companies depend solely on dynamic models.
Wildemann came to almost the same result, namely that 35 per cent
use only static models, 60 per cent static and dynamic models
compared to 5 per cent who use only dynamic models (Wildemann, b:
V·1 - V·3\.
As far as the reality of the contemporary market place with Its many
Imponderables Is concerned, preference should be given to dynamic
rather than the static models. The main limitation of the static models
Is their approximations of tho dynamics of the market places
[Wildemann, b: V·1 • V·31. The main reasons for the preference given
to the static rather than the dynamic models are, firstly, the lesser
complexity of the models; secondly, the non availability of suitably
qualified personnel, and thirdly, the reservations of decision makers In
respect of the dynamic models and their results.
In 1985, BrOer/Daeumler (BrOer/OAumler, 1988: 709·7231 did a follow
up study to the one done by Grabbe in 1974. It was found that in the
11 years since Grabbe's investigation, the use of dynamic models
gained considerable ground. In 1985 only 23 per cent of the large
companies confined themselves to static models. The great majority of
companies, namely 77 per cent, took Investment decisions based on
dynamic models. Most of this work was supplemented by the use of
static models. Only 18 per cent based their investigations purely on
dynamic models.
The findings of Grabbe and the follow up of BrOor/Oaeumler for the 11
years from 1974 till 1985 are reflected in Table 3.
The findings of Grabbe and BrOor/Oaeumler correspond, even if not
totally, with the analyses mado by Schutt in 1979 [Schutt, 1979:
1731.
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Table 3: Increase In the Frequency of the Use of Profitability Criteria
Percentage of Percentage of
Modet Implementation Ranking ImpiementetJon Ranking
In companies (1986) In compenl.. (1974)
(1986) (1974)
Intemal rate of 62 1 43 2
Interest
Point of amorti.etlon 60 2 78 1
Net present value 48 3 21 6
Cost comparison 43 4 26 4
Cost accounting 37 5 31 3
Annuity 23 6 7 7
Profit comoarilon 15 7 10 6
MAPI 1 8 1 8
Schutt's findings ISchutt, 1979: 179·180) of the nature of Investment
decision making In European, especially German industrial enterprises,
are probably still generally the case today. His findings at that time
were:
1. Companies use more than one model.
2. Static investment models and cost comparison models In particular,
are more frequently used, closely followed by the comparison of
profitabilities.
3. Dynamic models are increasingly being used by the larger, rapidly
growing firms.
4. As far as the dynamic models are concerned, preference Is given to
the internal rate of return closely followed by the net present value
model.
5. The capital budgeting model and the MAPI were found to be of
relatively little significance as an aid in the Investment decision
making models.
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Schutt (Schutt, 1979: 184-1851 came to the following conclusion as
far as investment decision making under conditions of uncertainty are
concerned:
The theoretical models for decision making under conditions of
uncertainty are in general use by about half of the companies
Interviewed. It was found that some of the subtleties significant for the
theoretical handling of the uncertainty problem, were regarded as
rather irrelevant from the practical point of view. The general tendency
was not to Ignore them when dealing with the problem.
Schutt (SchUtt, 1979: 188) also noted that a significant discrepancy
existed between the comprehensive scientifically based models and the
practical application of such models.
There would seem to be a number of reasons for the existence of this
gap. Business economic research has obviously not given enough
consideration to the fact that the decision making models used for
problem solving in the world of practical affairs are not always user
friendly, especially as far as understanding them are concerned. A
second consideration was the presence of another gap occurring when
the results of the investment decision were translated into a financial
plan. Most of the quantitative models were only used for the solution
of specific problems.
The rather limited use of recently developed models and techniques
can, however, according to Schutt, be traced back to the indifference
of companies as far as keoping abreast of developments is concerned.
6.2. Investigations relating to the availability of Information
The availability of good. reliable information is essential for the
theoretical and practical Implementation of the Investment decision
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making models. Good information is only available should the decision
maker have no reservations about his knowledge of the future.
In practice decision makers would, firstly, not have all the relevant
information at their disposal, secondly, they would not have identical
levels of information, and thirdly, they would constantly be faced by
new information during the process of decision making.
Incomplete Information Is the result of the complexity, dynamics and
volatility of the business world, inclusive of technology. It Is, however,
also the result of the limited Information gathering and processing
capacity [Simon, 1978: 1-16) of the decision maker and the cost
Involved In obtaining such Information [Williamson, 1975: 21-30),
especially high quality information, which is a relatively scarce
economic good.
Investment decision makers and financial planners must, therefore, be
satisfied with information of a varying degree of reliability. The
uncertainty grows with the increase in the intervals of decision taking.
In an empirical study of financial planning, Donaldson [Donaldson,
1961: 90) concluded that "... the information was for practical
purposes at best one year old. Beyond that was a largely uncharted
land of uncertainty". Managers are usually distrustful of long term
prognoses: "...they appear to have little confidence in the forecasting
of a precise pattern of variation or the limits of a variation".
It may be argued that the observations of 30 years ago need not
necessarily stili apply, considering the great advance In management
techniques and tools which have taken place over the last decade or
three. The fact is, however, that the complexity of the environment In
which Investment decisions are nowadays being taken, cannot be
compared to that of a decade or three ago [Ansoff, 1984: 233-264).
The exponential rate at which information is now becoming available,
and the global nature of the information, has led to a phenomenon
known as the information crisis [Zelewski, 1987: 7371. It Is obvious
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that the availability and use of data are becoming more and more
problematical as far as the use of investment decision making models
are concerned.
BerthellMOews IBerthellMOews, 1970: 127·1301 studied the availability
and quality of Information In German companies for long term market
planning. In so doing, they tried to compare the actual level of
Information with the Information level regarded as necessary for the
marketing planning.
5.3. Summary
The objective of this chapter was mainly to examine the theory
underlying Investment decision making models. Attention was
specifically given to the more common investment decision making
criteria, namely, single and multiple criteria, decision making under
certainty, uncertainty and risk, the utility functions, sensitivity analysis,
risk analysis and the Capital Asset Pricing Model. The analysis was
directed mainly at evaluating the different models, and secondly, to
look more closely at their practical application.
An Investigation of the history of Investment decision making models
showed that Improvements to such models do not normally occur In
the form of great inventions or Insights. Improvements usually occur
step by step.
The technique of discounting future cash- flows was initiated by Utplan,
(170·228 AC) the Roman Jurist, who calculated a life annuity for
people. The formula for discounting was introduced In 1582 by Stevin
in the compilation of his interest table. The formulae for the calculation
of the present value and the not prosont value wero advanced for the
65
first time by Leibniz in 1622. The importance of Leibniz's input, was
the logic of his reasoning, especially that relating to the calculation of
the net present value. The first investment profitability calculation,
inclusive of a discussion of data uncertainty, was published by
Oeynhausen in 1822. Parallel to the above mentioned development
was a line of thinking that the examination of the Investment
phenomenon should be separated from the funding decision. This
model was first advanced by Fisher In 1906.
The assessment of a potential investment opportunity, I.e. whether an
investment should be made or not, focuses automatically on the
magnitude of the return that could be expected, and the nature of the
risk involved in the Investment. The making of a decision Is critically
dependent on a sound scientific evaluation of the relevant parameters.
Part of the decision making process is to know how the results of the
Investigation should be evaluated and interpreted.
In this investigation only those investment making processes pertaining
to the practical world of business, were examined in some detail, I.e.
the net present value, the Internal rate of return and amortisation
duration.
A problem often encountered in determining the net present value of a
project Is the selection of an appropriate hurdle rate to discount the
cash flows. The hurdle rate is the interest rate applied in measuring the
profitability of a project under investigation. The hurdle rate is the sort
of expectation that one would have when the project is approved. The
net present value may be regarded as a suitable profitability criterion,
especially for the examination of isolated investments, provided that
the following assumptions are fulfilled. Firstly, that the series of
expected yields are known In their entirety, secondly, that the surplus
payments each occur at time t and intervals of one period, and thirdly,
that an uniform interest rate r for the financing of cash outflows as
well as Investment inflows Is assumed. Underlying this assumption is
the presence of a perfect capital market, l.e. a market where the
interest rate Is determined by the free play of supply and demand.
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The use of the internal rate of return as well as the amortisation
duration can be traced back to the fact that investment decisions are.
as a rule, taken under conditions of uncertainty. To overcome the
effects of uncertainty, certain critical values have been laid down. The
critical internal rate of return is Identical to the discount rate. It is
called the critical Internal rate of return because an internal rate of
return equal to the discount rate, indicates that the project is, as far as
profitability is concerned, a border case.
Investment decision making models can broadly be classified into two
categories, namely, firstly, those decisions resting on a single or a
multiple objective, and secondly, those dealing with the degree of
certainty, uncertainty and risk Involved In a project. Decision making
rules fall roughly Into two categories, namely optimising rules and
satisfying rules. A decision making rule In the optimising category Is In
fact a set of rules ordering alternatives Into a specific ranking. The goal
is to find the best of the alternatives.
A single objective is characterised by the final decision being based on
one criterion only, i.e. the magnitude of the net present value. In the
case of a multiple objective more than one criterion has to be taken
into account in coming to a conclusion. A special case of multiple
objective decision making is the lexicographic ranking. In this case the
objective which is regarded as the most important, Is elevated by the
decision maker to the position of it being the sole evaluation standard.
If this evaluation does not lead to a definite result, the next most
important objective (and so on) Is being used.
Decision making under certainty should be seen as highly unlikely in an
uncertain and volatile world. In contemporary Industry considerations
of uncertainty and risk play an ever increasing role in investment
decision making. The growing capital intensity of technology, the
danger of such technology becoming rapidly obsolescent, the need to
recoup the Investment as soon as possible, and the deterioration of
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profit margins, make it imperative to use only these decision making
models which deal effectively with the uncertainty element.
Uncertainty postulates that the decision maker may not be aware of all
the conditions that may possibly affect the decision and/or that he may
not be able to attach a realistic value to such a probability.
The existing literature tries to solve the uncertainty problem by means
of the following decision making rules:
The maximin and maxlmax criteria are either very cautious or very
optimistic. For real decision making It seems advisable not to follow
one of the two rules exclusively. The key consideration In applying the
Hurwlcz criterion Is the choice of a weighting factor which allows the
decision maker to express his attitude towards optimism and/or
pessimism. The Laplace criterion admits that it Is Impossible under
conditions of uncertainty to estimate the outcome probabilities. The
rationale behind this theory is that there Is not sufficient reason to
believe that one state of affairs will be more probable than another.
The Savage·Niehans-criterion, i.e. the minimax regret rule, highlights
only the largest opportunity cost, disregarding the other payoffs.
The process of data correction takes the uncertainty of expectations
into consideration by bringing positive or negative risk surcharges into
account. Data correction Is normally done in the following way: the
cash Inflows are identified as smaller than expected, the prospective
life of the project as shorter than expected, and the cash outflows and
the discount rate, as higher than expected. The magnitude of the data
correction Is dependent on the subjective estimate of the risk.
Correction of data Is almost Invariably based on estimates, which are
often biased. The decision may thus become even more distorted than
It would have been had there been no fiddling with the data.
Sensitivity analysis Is defined as the evaluation of the degree of
inaccuracy in the underlying assumptions that can be tolerated without
regarding the decision based on such assumptions as not appropriate.
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Sensitivity analysis is a technique showing by how much the net
present value and/or internal rate of return will change in response to a
given change in a single Input variable, other things remaining
constant. Although sensitivity analysis has Its merits, the main
disadvantage of such analysis is that the results cannot be converted
into a direct decision making criterion. The process often leads to
substantial mathematical problems during the simultaneous variation of
the Input data.
The basic idea of risk analysis Is to work not with fixed values of Input
data but rather with probability distributions. The probablllty
distributions are obtained either by empirical frequency distributions or
subjective estimates. The result Is a probability distribution evaluated In
terms of a mathematically determined expectation value and a standard
deviation. Risk analysis often suffers from the disadvantage that It Is
based on mathematically complex formulae. Such complexity bedevils
Its use in everyday business decision making.
An Individual's willingness to accept or avoid risk in a decision making
situation is obviously an Intrinsic characteristic of his or her personality.
This personal attribute is of great importance in managerial decision
making. The evaluation of a functionary as risk neutral, risk aversive or
risk accepting Is important. The decision maker may, via the utility
function, express his general attitude towards risk.
The determination of the discount factor relevant to a given Investment
decision making situation depends mainly on the outcomes of financial
planning. In large businesses, however, the Investment and financial
planning is hardly ever being done simultaneously. The reasons for this
procedure are twofold, namely, the experts doing the planning of
investment projects are usually engineers and technicians who do not
have the specialised knowledge required for simultaneous Investment
and financial planning. The second reason for the disparate procedure
relates to the fact that company financing cannot be done daily, or be
Implemented by the various divisions of a large business organisation.
69
It is imperative that all decision makers, especially those in day to day
business situations, should know what information can be obtained
from the security market line equation regarding the capital costs for
risky projects. In considering the capital asset pricing model, it should
be understood that the model is based on many assumptions which
would hardly apply in the day to day business environment. It is also
important to realise that the knowledge obtained from the security
market line equation will compel decision makers to regard all projects
as risky and fraught with imponderables.
When measuring the investment project against a given minimum yield,
the project planner should know what this minimum yield means, l.e.
what financial factors should be taken Into consideration in the
decision making process. Continuous use of a single minimum yield,
i.e. the discount rate, may result In the general belief that the risk
Inherent In a project always equals the average risk Il.e. the systemic
risk) of the enterprise.
A scrutiny of Investment procedures followed by decision makers
revealed that industry gives preference to a static calculation procedure
rather than a dynamic one. More than 60 per cent of all investment
calculations are based on static models only. 75 per cent of the
companies surveyed use the static models in addition to other models.
Dynamic models for the calculation of the profitability of a project are
used by approximately 60 per cent of the companies surveyed.
The results obtained from empirical investigations were summarised as
follow:
• Companies use more than one Investment decision making model.
• Static Investment models and cost comparison models in particular,
are more frequently used, closely followed by the comparison of
profitab/litlos.
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• Dynamic models are increasingly being used by the larger, rapidly
growing firms.
• As far as the dynamic models are concerned, preference is given to
the internal rate of return closely followed by the net present value
model.
• The capital budgeting model and the MAPI were found to be of
relatively little significance as an aid In the Investment decision
making models.
··-"00000-···-
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Chapter III
Problems Encountered in the Application of Investment Theory
in Practice
The objective of this chapter Is to examine the practice of Investment
decision making In the daily business environment, and to draw some
parallels between the phenomena observed In chapter II and the
phenomena observed in this chapter.
Even in the very simple case where profitability Is regarded as the sole
criterion for Investment decision taking, there may be no reason to
believe that an Investment based on such an ideal model would
guarantee the success of a project, a corporate enterprise, or an
industrial country. It is obvious that the use of a good investment
decision making model is only one part of the ultimate success. The
success of Japanese industry since the Second World War was not
only based on good Investment decisions, but also on a business ethic
emanating from a very monolithic culture.
The investigation into investment decision making in practice will be
done by simulating the making of an investment decision in the real
world of business; the objective being to identify the tools and
procedures involved in the making of such a decision.
1• Some empirical aspects of a commonly used investment
decision making model
In order to evaluate the characteristics of a theoretical investment
decision making model In common use, a close study was made of the
manner In which it was implemented in practice.
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To avoid misunderstanding, the sort of investment decision under
consideration and the functionaries involved, will be described in some
detail in the following pages. The objective of this part of the
investigation is to discuss the taking of rationalisation investment
decisions based on economic considerations only. Legislative,
environmental or safety aspects will not be considered. The only
consideration is the achievement of a given profitability.
The hierarchical level at which the ultimate Investment decision Is
taken, will normally depend on the magnitude of finance Involved In the
project. The larger the amount of money involved, the higher the
hierarchical level of decision taking. The functionary or body charged
with the studying and preparation of the Investment proposal Is seldom
the ultimate decision taker. It Is, however, a fact that the people
Involved In the Investigation of the project remain In one or other
capacity with the process of decision taking. This is as a result of their
knowledge of the project and/or the fact that they will be responsible
for Its Implementation.
As mentioned before, engineers are almost invariably responsible for
the technical planning and compilation of the technical and other data
required. The ultimate decision Is almost always taken by people or
committees who do not have an in-depth knowledge of the investment
proposal. It can also not be taken for granted that the functionaries
involved in the ultimate decision taking would have an economic
background. The situation normally is that the ultimate decision Is
taken by a team of marketing and financial experts. Regardless of the
merits of their expertise, fact Is that they are seldom close to the real
facts of the project. They are thus often in the position that they must
accept the Information contained in the formal recommendation as
being fully reflective of all facts bearing on the projects and Its
environment, Inclusive of the market, the prevailing technology, and,
since the advent of the flexible exchange rate system In the early
seventies, the myriad of imponderables of a financial nature. The
dangers Involved in such a procedure of decision taking will be
discussed below.
73
1.1. The example in practice
Consider the taking of an investment decision involving the folfowing
problem':
As a result of the life cycle of a product nearing Its end, consideration
is being given to the introduction of a successor. The moment in time
at which the proposal under consideration Is being scrutinised Is
approximately 1emonths before the launching of the product. One of
the decisions which is still open, is the nature of the manufacture of a
special part for the successor Item. A part - similar in design and
specification to that required for the successor product - Is being used
in the existing product. It is manufactured In-house. As far as the new
part Is concerned, there are three proposals under consideration. The
directive to the study group Is to come with a proposal that would
result In manufacturing the part as economically as possible.
1.1.1. Possibility of manufacturing the part in-house
(option 1)
The specification for the manufacture of the part is the same as for the
part used In the present product. ln-house production of the part will,
however, entail tooling and related facilities. The tooling and related
facilities are required as a result of the existing facilities being no
longer in a position to deliver the part required at the volume,
considerably in excess of the previous volume, at an acceptable cost.
There will also be a relocation of the manufacturing area to another
building. As a result of the necessity to relocate the existing plant, the
relocation of the plant manufacturing the part will only be possible
during the first year of production.
A detailed uplanatlon of the technical fect. will not be given. The Intention
0' this Investigation II not to discull the technological background. but to
Investigate the stepi Involved In coming to en investment decillon,
74
Cost position in period to'
Investment in manufacturing facilities
Cost position in period t ,:
Relocation costs
Cost position in the periods t t...t8:
Mater/al costs
Porsonnel costs
Sundries (energy, maintenance....)
Table 4 is a summary of the total cost.
5600 TA.2
1500 TA.
6000 TR./annum
7500 TA./annum
1000 TA./annum
1.1 .2. Possibility of procuring the required part from an
Independent supplier (option 2)
The specification for the manufacture of the part Is changed and left in
the hands of an external supplier. This results in neither investment in
manufacturing facilities nor relocation costs.
Cost position in period to:
Investment in tooling and plant
Cost position in period t ,:
Relocation costs
Cost position /n the periods t t...t8:
Purchase price of fin/shed part
Table 4 Is a summary of the total cost.
2 TA.: Thousand Rand
0000 TR.
OOOOTR.
13500 TA./annum
1.1.3.
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Possibility of procuring the required part partially by
in-house manufacture and partially from an
independent supplier (option 3)
The part is obtained from a supplier in a semi-finished condition and
then finished in-house. This procedure requires investments in
manufacturing and transport and storage facilities. Aelocation costs are
involved as manufacturing will have to take place in a separate
building.
Cost position in period to:
Investment in manufacturing plant
Cost position in period t ,:
Relocation costs
Cost position In period t , ... t 8:
Material costs
(half finished part plus material costs
involved in in-house finishing)
Personnel costs
Sundries (energy, maintenance...)
Table 4 is a summary of the total cost.
1.2. The decision making process
7000 TA.
1500 TR.
7000 TA./annum
4500 TA./annum
500 TA./annum
The decision to be taken involves a source of supply analysis. It has to
be decided whether it is economically more profitable to produce the
part in-house (option 1), or to procure the finished part from an
independent supplier (option 2), or to finish in-house the semi-finished
part delivered from an independent supplier (option 3). This kind of
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analysis is the German aZA3, an investigation whether it is better "to
make or to buy" [Heyes, A./Wheelwright, 1984 are discussing this
subject in depth; HinterhuberNogel, 1986: 52·75; Meerman/Meyerl
Greve, 1984: 94·103).
The specialists of the departments involved, were directed to compile a
report showing the respective costs for the three options discussed
above. They pointed out, however, that the data available Is subject to
some uncertainty as a result of the fact that the project as a whole will
only be launched in 18 months time. To compensate for such
uncertainty they corrected the data; l.e, cash outflows were rated
higher than expected while inflows were rated lower than expected
(simplification 14). The planned product cycle of eight years was taken
as the basis of the planning horizon. The expected cash-flows are
shown in Tables 4 and 6.
Table 4: Cash Flow Analysis (A 1000)
Relevant Option 1 Option 2 Option 3
period
Initial outJay tn ·5600 -7000
Material cost t, etA ·6000 ·13500 ·7000
Personnel cost t,-t. ·7500 ·4500
Sundries t, ·t. ·1000 ·600
RelocatIon cost t, ·1500 ·1500
3 aZA Is the commonly used abbreviation for the German word
"BeZugsanenAnalyse", which cannot be translated directly; a translation
which meets the meaning of aZA is source of supply analysis; an analysis to
find out which is the cheapest way to get a pan manufactured.
4 The next section of this chapter "evaluation of the investment decision
making exercise" will discuss the simplifications (marked as simplifications I •
IV) assumed in the exercise.
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Table 5: Cash Flows of Options One to Three (R 10001
tn t, t, t, t 4 tit t" h t.
Option ·5600 ·16000 ·14500 ·14600 ·14600 ·14600 ·14600 ·14500 ·14500
1
Option ·13500 ·13500 ·13600 ·13600 ·13500 ·13500 ·13500 ·13500
2
Option ·7000 ·13600 ·12000 ·12000 ·12000 ·12000 ·12000 ·12000 ·12000
3
The objective of the investigation of the three Investment alternatives
is to compare option two and three with the existing practice, namely
complete in-house manufacture. The innovations embodied in options
two and three are therefore compared with the existing practice
(option 1)15.
This comparison yielded the results shown in Tables 6 and 7. Table 6
shows the fictitious investment proposals based on the cash flows of
option 1, option 2 and option 3 for the time periods to till ta. Table 7
compares the points of amortisation of alternative A and B.
At the time of the investigation and decision taking, the purchasing
department indicated that the purchase price for the finished and the
semi-finished part have not yet been finalised. A price fluctuation of up
to 10 per cent is possible.
To take this uncertainty into consideration, a sensitivity analysis was
done for the two alternatives (simplification III. The purchase price
(material costs) was varied by 10 per cent. The result of this sensitivity
analysis Is illustrated in Graph 6.
5 The following definition is used:
The difference between option 2 (possible new situation) and option 1
(existing situation) is regarded as -Altemattve A- Imathematically: option 2 •
option 1 • Alternative AI and accordinglv the difference between option 3
(possiblenew situation) end option 1 (existing sl1uation) as -Ahematfve B-.
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Graph 5:Sensitivlty Analysis
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The final decision favoured alternative B on account of the somewhat
higher net present value compared to alternative A (Table 6).
Alternative B Is also not so sensitive (Graph 61 to changes In the
purchase price as alternative A (simplification II/). The possibility of an
incorrect decision would therefore seem to be less (simplification IV)
compared to alternative A.
1.3. Evaluation of the investment decision making exercise
The decision taking exercise described in the previous paragraph was
taken from the files of a motor vehicle manufacturer. The
simplifications cited in the exercise raise some fundamental points of
criticism regarding Investment decision making. These are:
Simplification I:
Simplification II:
Simplification 11/:
Simplification IV:
The data uncertainty is not considered explicitly.
The intention of the sensitivity analysis is only
partially correct.
Decisions are based on a single criterion decision
making model.
The numerical values of the results are interpreted
without considering the background.
These points of criticism will be examined In more detail below.
Table 6: Comparison of the Profitability of Alternatives A and B (R 1000)
In 1. 1. 1.. 1.. Ie 1.. 1. 1. N~
AIt.......uv.A 5600 2500 1000 1000 1000 1000 1000 1000 1000 13492
AIt.......uv.8 -1400 2500 2500 2500 2500 2500 2500 2500 2500 14758
Table 7: Comparison of the Point of Amonisation of Alternatives A and BI Pom~__ I1=:::, :::::~
6 FOI the cllclAation 01 the net present value INPVl an arbitrary discounr rare of 5 pet cent was used.
......
(D
1.3.1.
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Data uncertainty is not considered explicitly
The data uncertainty emanates from the fact that the investment
decision is being done 18 months in advance of the initiation of
production. To compensate for uncertainty the data were corrected.
The basis for the correction was Informed guesswork. The submission
to the ultimate decision makers did not outline the thinking behind the
guesswork and the nature of the data uncertainty.
The Ilterature7 relating to investment decision making models under
conditions of data uncertainty refer to the importance of identifying
such uncertainty and its incorporation in the calculations.
The problem of data uncertainty Is, however, hardly ever taken into
account explicitly when considering investments. The easier route is
more often taken by considering such uncertainty within the confines
of global estimated values, l.e, reliance on past knowledge or personal
experience. Schneider comments that by doing so, good sense is not
intentionally being made an intrinsic part of the decision making
process [Schneider, 1980: 246). Although the result needs not to be
bad, fact Is that a sensible decision is only being made by coincidence.
Projects that have gone wrong as a result of wrong guesswork are
seldom recorded. The opportunities lost as a result of such mistakes
are seldom Identified. As long as the real opportunity cost is not fully
recognised, the cost of the implemented alternative does not become
clearly visible. Such cost is all the more concealed or hidden should the
project not be a complete failure.
In everyday business life data is only free of uncertainty in the rarest of
cases. Albach [Albach, 1975: 215) remarks that: -it does not matter
how many estimates of the future are taken into consideration when
making an investment decision, when all is said and done, the future
remains doubtful.- The manner of dealing with certainty/uncertainty in
the formulation of decision making models has great relevance in the
7 See literalure mentioned in chapter II.
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practice of decision making. The quest for simplified models in every
day business life needs no elaborate argument. Schneider (Schneider,
1980: 4521 has stated that: "Wer die Schwierigkeiten in der Praxis fur
die Erfassung von Daten und Planinterdependenzen kennt, versteht,
daB man vielfach darauf verzichtet, das Optimum zu flnden, statt
dessen die Aufgabe eher 1m Ausarbeiten alternatlver "hlnrelchend
guter" Handlungsprogramme sleht." This statement Indicates that
Schneider has a clear understanding of the problem faced by decision
makers should they not endeavour to find the best solution. Being
satisfied with a solution which Is satisfactory, but not necessarily the
best, may harbour basic problems.
It Is precisely this remark which Illustrates the real problem inherent in
decision making models that do not take account of data uncertainty.
The result is Invariably the application of a procedure which deviates
dangerously from reality.
Decision makers aware of this practice, often try to overcome the
problem of data uncertainty by carefully assessing the values of the
variables used in the investigation. In considering the relevant variables
such as cash inflows conservatively, compared to the outflows, which
are evaluated rather liberally, provision is made for the uncertainty. A
liberal evaluation of the discount rate can also be used as an
instrument to provide for data uncertainty. The less certain
expectations are therefore being transformed into quasi expectations
having greater certainty. The values calculated along these lines reflect
an artificially diminished amount compared to the real values expected.
In its extreme form this procedure may involve the decision maker in
preferring an alternative having little relevance compared to the factual
position. There is also the danger that a worthwhile project may be
sentenced to death by the fiddling with data.
The fact that uncertainty must be considered in the decision making
model is not under dispute. An objection often encountered in the
practical world of business, is that reality is so complex, especially in
the case of long-term decisions, that it cannot be dealt with
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satisfactory in probability distributions dealing with the future. In
practical decision making the best that can be done, is to make an
Informal estimate of a probable value when considering a relevant
parameter. This approach once again leads to reducing the particular
parameter to quasi-certain expectations. The actual nature of the
uncertainty inherent In the data is, thus, being disguised.
The use of data correction to compensate for uncertainty in such a
way, that Instead of the expected value one obtains for example, 80
per cent of the expected value, may lead to the fact that one is no
longer endeavouring to maximise the expected value. This approach to
uncertainty leads to a so-called 80 per cent solution. The effects of the
revised Input parameters make It impossible to re-transform the 80 per
cent solution at a later stage to a 100 per cent solution.
Data correction for conditions of uncertainty frequently result In
advantageous Investments being overlooked. It may, however, also
conceal the fact that expenses saved today may detrimentally affect
earnings tomorrow.
It Is theoretically not correct to compensate for the inaccuracy In data
obtained by careful estimations. Fiddling with data tend to prejudice
the investment. The risk generally Involved In business decisions can in
no way be eliminated by this type of conservatism. It is at best being
transferred to another plane. An investment which Is not made, may
for a number of reasons be just as harmful as far as its consequences
are concerned, as a bad investment.
It is thus imperative not to dodge the study obligation when dealing
with decisions as complex, volatile and uncertain as Investment
decisions. There are indications that these realisations are gaining more
acceptance In the business world. Compare the growing use of risk
analyses (Coenenberg, 1970: 793-804; Hertz, 1964: 95·106;
Kruschwltz, 1985: 271·280; Schall/Sundem/Geijsbeek, 1978: 284-
2871.
1.3.2.
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Evaluation of the objectives of sensitivity analysis
Simplification II in the exercise considered above, was the objective of
a sensitivity analysis. The point was that the purchasing department
had indicated that the purchase prices of the finished and semi-finished
parts have not yet been finalised at the time of making the investment
decision. Price fluctuations up to 10 per cent were possible. The
objective of the sensitivity analysis was to consider the uncertainty of
the project more carefully. The problem inherent in this state of affairs
does not emanate from the analysis as such, but from the expectations
relating to the sensitivity analysis. The use of a sensitivity analysis to
obtain detail Information about the sensitivity of the project to price
fluctuations of 10 per cent, is not in conflict with the definition of the
analysis Itself. The final decision, however, created the impression that
the sensitivity analysis had covered all the uncertainty inherent In the
project, and not only the uncertainty related to the price uncertainty.
It Is general practice in the business world to use sensitivity analysis as
the only means to consider data uncertainty. The objective of
sensitivity analysis, as stated by Wildemann, is to obtain information
by expressly changing the data relevant to the investment project
(Wildemann, b: VIII·8]. The practical significance of sensitivity analysis
is that it furnishes an understanding of those variables having the
greatest effect on the project.
Schneider (Schneider, 1980: 434) has formulated the efficiency of the
sensitivity analysis somewhat more clearly and aptly. He does this by
stating that the studying of uncertainty by means of a sensitivity
analysis is theoretically on the same level as any practical rule of
thumb hoping to find a solution to the problem of data uncertainty by
data correction. Schneider is obviously of the opinion that it is quite
evident that the use of sensitivity analysis does not do justice to the
problem. He continues by saying that the sensitivity analysis should,
therefore, only be seen as an attempt to obtain information relating to
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the structure of the problem. It provides guiding principles as to
whether or not one should endeavour to be more actively concerned
with the process of obtaining the data.
The problem of uncertainty in business life seldom originates from a
single cause only. Sensitivity analysis, however, is an Instrument for
the measurement of the effects of one parameter only. The realities of
the market place with Its multiple sources of uncertainty are therefore
not addressed. There Is also the problem that the mathematical
calculation relating to the simultaneous variation of more than two
Input quantities cannot be controlled freely (Riggs/West, 1986: 397).
The problems and limitations of sensitivity analysis as far as data
uncertainty Is concerned, are such that It becomes questionable
whether It is worth undertaking the expenditure Involved.
Fact remains, however, that the sensitivity analysis cannot be
disregarded as being completely useless in practice. Its value as an
Instrument for the studying of especially the effects of input changes Is
generally acknowledged. Of even more value are the pointers that It
would Indicate for additional information. It Is, however, a useful tool
for the studying and measurement of data uncertainty.
1.3.3. Evaluation of the quasi single criterion decision
making model
Simplification 1/1 above relates to the use of models based on a quasi
single criterion only. The first approach in the example was to employ
the net present value as the sale Instrument for decision making. The
differential between the net present values of alternatives A and B,
however, was regarded as not significant enough for the taking of a
final decision. Sensitivity analysis was then added as a further
Instrument in decision making. The final decision was in favour of
alternative B as a result of the values shown by the sensitivity analysis
and the small advantage as far as the net present value is concerned.
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There was, however, no defined mathematical link between t he two
criteria, namely the net present value and the sensitivity analysis.
Bamberg and Coenenberg (Bamberg/Coenenberg, 19B5: 401 are critical
of the simplification of the model by basing it on one criterion only.
They emphasise the fact that most decisions in business are based on
several criteria. Gutenberg [Gutenberg, 1959: 216·225) also refers
strongly to the fact that investments in Industrial enterprises are almost
Invariably made by taking many considerations Into account.
Even in those cases where there is only a single objective, namely the
maximisation of profit, the reduction to a one-dimensional decision
making model would either not be Justified, or not possible. Compare
the problems Involved in trying to find a solution to the following by
using a single dimensional decision making model.
Which of the following fictitious projects, A or B, will be more
advantageous in otherwise similar conditions?
Criterion Project A Project B
Net present value 100 TR. 95 TR.
Amortisation period 4th year 2nd year
Project cycle 5 years 4 years
One of the dangers of a single criterion decision making model is the
possibility that personal preferences may playa major role, I.e. that the
risk-taking bias of the decision maker may have free reign.
Should the objective be to obtain the best possible net present value
the decision in favour of project A Is obvious. The decision becomes
more problematic should the objective be to achieve the best posslbltl
net present value in the shortest possible time. There is also the
possibility that both objectives, namely the best possible not present
value and the very short term may be of equal Importance.
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The transparencv of an investment project is increased by a clear
reflection 01 the not present value as well as the amortisation duration.
The transparency of the two criteria is a guarantee that the decision is
not subjectively based on one criterion only. Deriving a mathematical
function for this is. however, difficult, l.e. by weighting the individual
results In such a way that objectivity is not biased. The problem is
partiolly avoided by means of a quasi.lexicographic ranking (GlUgen,
1974: 154·155; Kahle, 1981: 77; Klohr, 1958: 851·855). The
amorttsatlon time Is taken Into account as an additional criterion should
the projects A and B hove more or less the same net present value.
The slight advance of project A as for as the net present value Is
concerned may be Insignificant for the decision maker. Project B has a
cleor advantage as for as the period of amortisation Is concerned. The
subjectivity of the decision making model based on one criterion only,
and Its unsatisfactory analytical basis, place many limitations on Its
use.
1.3.4. Insufficient transparency of data for the decision
maker
The people who compile the data for the evaluation of a project and
those who take the final decisions are as a rule not the some. The
functionaries taking the decision are Invariably totally dependent on the
net present value and sensitivity analysis presented to them in the form
of a project appraisal report and recommendations. They are often not
in a position to gain on Insight into the true nature of the uncertainties
surrounding the project. The problem inherent In any factual data Is
that they often rovoal as much as thoy conceal.
As previously roforrod to, the data forming tho basis of the investment
evaluation are Initially scrutinisod carofully. The profitability based on
this data In the form of the net prosont voluo Is do facto regarded as
absolute. Tho result obtained is rogarded as a truo roflection of the
prospective profitability of tho projoct. The accoptanco of this singlo
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figure at face value, i.e. in relative isolation and divorced from its
origin, harbours many pitfalls. To overcome the problem of sterilisation,
it may be advisable to present the results of the calculations in such a
way that an indication is given of the potential range or spread of the
prospective profitability. The objective should therefore be to assure
that the profitability of the project is not presented as an absolute
anonymous entity but that the uncertainty Inherent in the initial data is
evaluated step by step. The ultimate decision makers will thus be
aware of the true nature of the data underlying the project.
The presentation of the results together with an Indication of the
uncertainty Involved In the project Is of great significance, considering
the fact that data collection and the profitability studies are In the
majority of cases made by different committees. The body appraising
the investment proposal often has no opportunity to examine the
quality of the exercise(s) to determine the profitability of the project.
The profitability figure presented is therefore regarded as absolute.
The problem of transparency is central to the process of Investment
decision making. A solution to the problem is, however, not easy to
find.
Consider the introduction of an automatic work station for a product
having a life cycle of seven years. The savings effected, and
consequently the increase in profitability, are achieved primarily by the
smaller number of people involved in the work process as a result of
automation.
The profitability of the investment involved In the Introduction of the
work station is a function of the cash outflow in the period to and the
net Inflows in the periods t 1 - t7' The result Is a yield of X per cent.
Consider a yield of 13,5 per cent, compared to a stipulated minimum
yield of 13 per cent. The decision making committee must decide
whether the Investment Is justified considering the marginal improve-
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ment in profitability. The decision of the committee to invest cannot be
faulted should there be no uncertainty about the 13,5 per cent.
It is not necessary at this stage of studying the project to know which
yield is the most probable. One should, however, be in a position to
estimate the degree of uncertainty of the prospective inflows which
may have a bearing on the yield. Compare a yield with an uncertainty
factor of ±O,2 per cent, i.e. a range of 13,5 per cent ±0,2 per cent =
13,3 - 13,7 per cent, with a yield with an uncertainty of ± 3 per cent,
i.e. a range of 13,5 per cent ± 3 per cent = 10,5 - 16,5 per cent. The
implications of the widening differential for a decision maker guided by
a decision making threshold of 13 per cent as an absolute minimum
yield is obvious.
The main problem inherent in the evaluation lies in the sequence of
events. The instance collecting the data does it as well or as badly as it
deems necessary. The decision taking committees, on the other hand,
treat the findings and recommendations as factually based.
The human element in the organisational set-up often plays a decisive
role in the decision making process. This aspect should not be
underestimated. The subordinate employee or team charged with the
evaluation of the investment proposal is not always in a position to do
a profitability interval for the investment rather than a fixed value only.
One would assume that this would be the case should the planning not
be done with great care. The case often presents itself that several
certainties are assumed as a safeguard against being accused of bad
planning.
The hierarchically superior decision making body may not be keen to
consider a profitability figure in the form of an interval. It may look
upon such a figure with suspicion, regarding it as defective and not
indicative of an in-depth investigation. The only manner in which to
deal with this dilemma is to identify the implications of the data
uncertainty clearly.
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2. Summary
The objective of this chapter was to examine the practice of
investment decision making in the daily business environment, and to
draw some parallels between the phenomena observed in chapter II
and the phenomena observed in this chapter.
Even in the very simple case where profitability Is regarded as the sole
criterion for investment decision making, there may be no reason to
believe that an Investment based on such an ideal model would
guarantee the success of the project, the corporate enterprise, or
Industry In general. It Is obvious that the use of a good Investment
decision making model Is only one Pllrt of the ultimate success. The
success of Japanese Industry since the Second World War was not
only based on good Investment decisions, but also on a business ethic
emanating from a very monolithic culture.
Theory provides many tools for the initial evaluation, and ultimately,
the making of a decision whether to Invest or not. Fact Is, however, as
demonstrated in a real investment decision making case that most if
not all of the models advanced by theory do not find application in the
everyday workings of the business world. The result is often a
fragmentary application of some of the ideas underlying a model or a
combination of models.
Business decision makers aware of this practice, often try to overcome
the problem of data uncertainty by carefully assessing the values of
the variables used in the investigation. In considering the relevant
variables such as cash inflows conservatively, compared to the
outflows, which are evaluated rather liberally, provision Is made for the
uncertainty. A liberal evaluation of the discount rate can also be used
as an instrument to provide for data uncertainty. The values calculated
along these lines reflect are conservative compared to the real values
expected. In its extreme form this procedure may Involve tho decision
maker in preferring an alternative having little relevance, compared to
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the factual position. There is also the danger that a worthwhile project
may be sentenced to death by the fiddling with the data.
The fact that uncertainty must be considered in the decision making
model is not under dispute. An objection often encountered in the
practical world of business, is that reality Is so complex, especially in
the case of long-term decisions, that it cannot be dealt with
satisfactory In probability distributions dealing with the future. In
practical decision making the best that can be done, Is to make an
Inform61 estimate of a probable value when considering a relevant
parameter. This approach once again leads to reducing the particular
parameter to quasi-certain expectations. The actual nature of the
uncertainty Inherent In the data Is therefore disguised.
The consideration of uncertainty by means of a sensitivity analysis Is
theoretically on the same level as any practical rule of thumb hoping to
find a solution to the problem of data uncertainty by data correction. It
is therefore quite evident that the use of sensitivity analysis does not
do justice to the problem. Sensitivity analysis should, therefore, only be
seen as an attempt to obtain information relating to the structure of
the problem. It provides guiding principles as to whether or not one
should endeavour to be more actively concerned with the process of
obtaining the data.
The problem of uncertainty in business life seldom originates from a
single cause only. Sensitivity analysis, however, is an Instrument for
the measurement of the effects of one parameter only. The realities of
the market place with its multiple sources of uncertainty are therefore
not addressed. There Is also the problem that the mathematical
calculation relating to the simultaneous variation of more than two
input variables cannot be controlled freely. The problems and
limitations of sensitivity analysis as far as data uncertainty Is
concerned, are such that it becomes questionable whether it is worth
undertaking the expenditure involved.
91
The people who compile the data for the evaluation of a project and
those who take the final decisions are as a rule not the same. The
functionaries making the decision are invariably totally dependent on
the net present value and sensitivity analysis presented to them in the
form of a project appraisal report and recommendations. They are often
not in a position to gain an insight into the true nature of the
uncertainties surrounding the project. The problem Inherent In any
factual data is that they often reveal as much as they conceal.
What is required, Is a model which will consider data uncertainty in a
comprehensive, scientific manner and which adheres to the strict
conditions for multiple criteria. Such a model, and the evaluations
obtained from It should be fully transparent. It must not conceal or
obscure data uncertainty. It must also be simple In logic and easy to
handle.
·····00000·····
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Chapter IV
Compilation of a Workable Investment Decision Making Model,
Multifact
1. Introduction
The objective of this chapter is to compile a workable investment
decision making model that would lend itself more readily to everyday
use in the business environment. It must therefore, not only be
relatively easy to apply, but there must be no doubts In the minds of
Its users of its scientific merit and reliability. Such a model must not
abstract from data uncertainty. It must also be capable of multiple goal
setting.
The model that will be advanced as more efficient and pragmatic for
Investment decision making will be called Muftlfaet'.
The main consideration, as shown In chapters " and III, in the
compilation of Multifact is to close the gap between theory and
practice. On the scientific-theoretical side, increasingly complex and
Integrated optimisation investment decision making models are being
developed in the field of Operations Research2• In practice however,
even the most simple financial-mathematical investment models are not
applied in the business world.
The development of the Multifact model will be divided into two
sections. In the first section the Implications of data uncertainty for the
calculation of the net present value will be considered. The result,
namely the definition of a concept of a re/.tlvtl net present value and a
The name Implies that multiple IMultH decision making '.clara Hact) are
incorporated in a functional correlation model.
2 The theory of Operations Research was initially published by Churchmanl
Ackoff/Arnoff.1967.
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data uncertainty factor will be considered in more detail elsewhere in
this chapter. In the second section consideration is given to the
incorporation of several criteria for the making of the final decision.
The investment problem postulated in chapter III will be re-examined
with the aid of the Multifact model.
The main considerations relating to the application of the theoretical
models discussed In chapter II, will be briefly summarised as a basis for
the compilation of a modified Investment decision making model,
Multifact. During the development of the Multifact model, use will be
made of examples to demonstrate the issues discussed In the previous
chapters.
2. Development of the Multifact investment decision
making model
The origin of individual uncertainty, which Is an attribute of all objects,
raises many complex questions. In chapter II reference was made to
the fact that the average company risk, Identified as systemic risk, has
its origin mainly In the uncertainty Inherent in the capital cost of the
company. Systemic risk does however, not apply to the Individual
investment having a risk of its own. The origin of such risk is of great
Importance, especially in the modern business world with its growing
capital Intensity, decreasing margins, and the continuous threat of
technotogtcal obeolescences. The phenomenon of uncertainty as far as
the Individual investment Is concerned, has two roots. The first one Is
the degree of accuracy or not of the values of the data predicted,
relative to the values that will eventually materialise, namely mllrtst
uncertllinty. The second one Is the quality of the decision makers
Judgement of the quality of the data compiled by the employee
3 The growing magnitude of risk will be discussed In chapter V. In this chapter
attenuon Is mainly focused on the componen.. of risk.
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responsible for such compilation, which will be referred to as emploY86
quallflcatlon4.
Wildemann5lWildemann, 1982: 1551 has outlined the effects of these
factors on cost prediction as follows: Two factors can be identified as
essentially responsible for data uncertainty. The first is the uncertainty
due to the chronological difference between the moment when the
cost of the project is predicted and the date of realisation of the
project. The second is the uncertainty emanating from the employee's
familiarity with the techniques and models of Investment decision
making.
The separation of the data uncertainty Into two separate concepts,
namely market uncertainty and employee qualification Is, from a
mathematical point of view not essential, as a third value,
representative of the degree of uncertainty of the two factors of
Inaccuracy is derived. From an economic point of view, however, the
separation is essential as It deals with two factors, each of which
affect the accuracy of the prediction. Fact is also that in practice these
values are often determined by a group of people, l.e. committees. The
employee's estimation of market uncertainty is often based on his
experience in the work place. Data may, however, also be furnished by
the relevant staff teams, i.e. the marketing division. The ultimate
decision maker is often in the position that he cannot do otherwise but
to express his confidence in the employee's specialised knowledge. On
4
5
Attention must be drawn to the fact thet the concept of emploYH
qu..fic.tJon does not imply the employee's education in terms of schooling,
but his familiarity with the material, I.e. the Investment project to be
evaluated, andtherefore, his authority to deal with the investment decision.
Wildemann, 1982: 166 In the original text:
·Zwei Sachverhalte laasen slch als wesentliche Ursachen erkennen:
• Die zeitliche Distanz zwischen der Durchfuhrung der KOltenprognose und
der Systemrealisierung lowle der daraus resultierenden Oatenverlug'
barkeit.
• Der Grad der Venrauthelt der beteillgten Personen mit Technlken und
Methoden, die fOr eln spezlellel System 1m Planungs· und Realisierungs·
prozeB zur Anwendung gelangen.·
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the one extreme the employer may have full confidence in the
capability of his employee. He may therefore assume that the
qualification of the employee is such that the uncertainty as far as this
aspect is concerned is zero, t.e, the ideal case of complete confidence
in the ability of the employee. The other extreme may however,
present itself, namely, that the employer may have so little faith in the
Judgement of the employee that he regards his involvement as adding
to the degree of uncertainty.
The employee is mainly interested In the nature of the inflow surpluses
and the market uncertainty that goes with it. The information required
for the estimations Is usually available to the superior decision making
authority. Such an authority will only Intervene in the data furnishing
process should there be reasons to regard the employee's qualification
with suspicion. As shown above two sources of Inaccuracy are
Involved. A differentiated approach may therefore be advisable in
dealing with the phenomenon of uncertainty.
Even when considering the uncertainty in the above described manner,
one must be aware of the fact that the calculations to determine
profitability in themselves will not contribute directly to the search for
absolute truth. The future is and remains largely non-predictable. The
objective of the premises and calculations is only to provide the
decision maker with more Information, or Information which Is more
transparent.
The objective of the numerical determination of the worth of the
Investment proposal, l.e. the quantification of the intended project, Is
mainly to upgrade the quality of decision making. Such quantification
will assist the decision maker In his efforts to avoid making bad
decisions.
An Important objective in the formulation of the Multlfact model Is to
compile a model that will provide decision makers not only with a tool
that could be used more readily, but which will also result In more
reliable calculations.
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2.1. The problem of evaluating the employee
qualification
The evaluation of the employee qualification is based on the subjective
judgement of the ultimate decision maker. The concept employee
Qualification does not imply an employee specialising in Investment
decision making, but a functionary who Is regarded by management as
suitable for the specific task.
As stated by Wlldemann [Wlldemann, 1982: 1651, one must take Into
consideration that the expertise of the employee does not only
emanate from his specialised knowledge of the subject matter, but also
from his willingness to be of service, his experience and his motivation.
The motivation of an employee may however, be misdirected or
suppressed by the hierarchical system. In large enterprises Investment
projects, and even more so rationalisation projects, are almost always
Initiated by the top echelon. The executing group, I.e. the team
studying the project receives such target values as an official directive,
often without knowing the details of the objective. It Is for this lack of
full knowledge that the employee tends to play down the outflows
while upgrading the inflows. There is thus often a bullt·in tendency to
justify the project he has been directed to do. General experience Is
that It Is often difficult for an employee to convince his superiors that
their investment Ideas are not warranted8 •
2.2. The cost of improving the accuracy of the
estimates
Schneider Is of tho opinion thot Inaccuracies In forecasting can bo
rostricted by woll·devlsed Information gathoring (markot resoarch,
6 The employee. "0 lIunfed by monofonoul w()fk. nobody ••ka 'M theil'
optnlOn...nobody .ctu.Uy wen.. fa hel' If IPilCheflfitde,. 1992: 41.
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evaluation of figures in accountancy). However, more than this cannot
be achieved' (Schneider, 1980: 2191.
The scrutiny of projections into the future for accuracy and reliability is
not only essential but often costly. Cost estimates of projects are
usually done under time constraints and inadequate knowledge of the
variables involved In order to keep costs within the confines of a tight
budget.
There is also a tendency, particularly In the Initial planning stage, to
rely heavily on the opinions of experts [Wildemann, 1982: 131 and
136), especially In those areas where information within the enterprise
may be limited. This Is especially the case where new features are
Involved. It Is Imperative that the costs of existing and historical
systems, as well as the costs of systems relating to the future, should
be realistic and backed by expert knowledge of the highest order.
It is also important to be on the look out for an Inborn tendency to
assume that projections into the future are normally regarded as
expensive, and that such cost should be kept within narrowly defined
margins even if accuracy is sacrificed [Horngren/Sundem, 1990: 96-97;
Mag, 1977: 125 I. The costs inherent in a decision are, on the one
hand, the price that must be paid for attaining a more exact forecast,
and, on the other hand, the costs that will be saved by a more
accurate view of the future. Optimal forecast accuracy Is obtained
when the increase in the marginal utility equals the Increase in the
marginal expenditure to achieve a more reliable forecast.
The wish to refine a forecast is a decision that demands, in addition to
a knowledge of economic correlation, some instinctive feelings and
relevant expertise. Wildemann [Wildemann, 1982: 162) Is of the
opinion that the quality of the projection is, In practice, predominantly
7 Schneider, 1980: 219 in the original text:
·Ourch aUlgefeilte Informalionsbeschaffung und -auswenung
(Marktforschung, Auswertung der Zahlen des Rechnungswelenl) Iasaen lich
die Prognoseschwierlgkeiten etwas elnengen; aber mehr lit nichl zu
erreichen-,
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assured by the selection of qualified employees, He is also of the
opinion that qualified employees should have a technical education and
several years of experience as project engineers. Business experience is
essential. In 80 per cent of the companies interviewed, the managers
of the cost forecasting department had a qualification in engineering as
well as business economics, inclusive of accountancy.
2.3.
2.3.1.
Calculation of the cash-inflow surpluses under
conditions of data uncertainty
Integration of market uncertainty bV the employee
compiling the required data
The following steps are Involved In calculating the possible fluctuation
margin emanating from data uncertainty In respect of the inflow
surpluses 0 1 (difference between cash-inflow and cash-outflow In
period tl (Gans/LoosslZickler, 1977: 19). The employee does not
provide the expected Inflow surplus 01 per period t as a fixed value
(°1,0 )8 as was the case until now. He simultaneously allocates a
possible fluctuation margin Du~. = 01,0 ±.1°1.,.. . 9 (Figure 1), showing that
the data supplied, I.e. the forecast, Is subject to some uncertainties
(market uncertainty). Considering that the expected inflow surpluses
are usually less certain the further they lie In the future, it would seem
to be reasonable to assume that the uncertainty of the given values,
t.e. market uncertainty, linearly increases with time.
The assumption of the linear growth of market uncertainty involves
selecting a simple mathematical formulation. In more general models,
deviations can be made at any time.
8
9
In the following, the Index .0. denotes the amount., without taking data
uncertainty Into consideration.
0t,Ma: Inflow surplus under condition. of M.,ket uncenainty.
99
Figure 1: Consideration of Market Uncertainty.
(Inflow surplus D..... results from an Inflow surplus 0 •.0 and
the market uncertainty faD•.MaI
i
I
~
-
o
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The integration of the market uncertainty Is mathematically expressed
as:
with
D.,Me
0',0
t1D'Me. ,
D•.Me • 0 •.0 ± ~O.,Me
~D'.Me • a Me • 0 •.0
Inflow surplus In period t considering marketuncertainty.
Inflow surplus In period t without considering market
uncertainty.
Uncertainty Intorval of the Inflow surpluses In period t 8S 8
result of morkot uncertointy
Relative market uncertainty (with reference to 0 •.0 )
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The relative market uncertainty aM. is defined as follows:
It is assumed that the normalised uncertainty of the estimation, aM.,
increases linearly with the period:
a"M. growth rate of aM.
per period t
It is also assumed that for t = 0
Both assumptions, namely aM. = a"M.· t and aM.(t = 0) = 0, are
simplified mathematically without limiting the general validity of the
formulation. These assumptions are nothing but a postulation that
market uncertainty will Increase linearly, and Is, for the present period
(t =0), I.e. the starting point of the linear Increase of the uncertainty,
zero.
Normalising 0.,010 Is based on the assumption that the uncertainty is
part of a definite, linearly increasing percentage of 0,,0'
This linear increase in uncertainty can be interpreted in two ways. The
two interpretations are mathematically synonymous but the following
forms the basis of yet another economic consideration.
The first interpretation is that a relatively reliable prediction of an
average increase In market uncertainty per period t can be made on
account of values already experienced. The increase of aM. per period t
is thus presented as a"M.' The average value of the increase of ~.(t)
is only predicted. A more detailed formulation is made should it for
whatever reason be necessary to make estimations of the market
uncertainty for Individual periods. The simplest mathematical treatment
of this case is to determine an equalisation aM.(t) by means of linear
10
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regression, thus determining the development. The growth rate a/\.ta =
aMa(t)/t is determined in this way.
It is possible, in principle, to determine mathematical functions for a
MI(t) higher than a linear order. The problem discussed above once
again comes to the fore, i.e. that no projection into the future can be
exact. A mgresslon of IJ higher order does not effect IJn IJctulJlly
grellter IJCCUflCY.
The procedure outlined above means that the employee no longer only
provides the value 01,0 ' but that he must explicitly consider and identify
the market uncortaintles Inherent In tho data.
This process of Incorporating uncertainty is open to criticism as it is
doubtful whether the degree of potential error Inherent in prospective
values can be ascertained by means of intervals which are not
scientifically determined.
Albach11 [Albach, 1975: 220J referred to the question whether it is
advantageous to use Intervals In coming to the final result as follows:
If it is necessary, as is often the case, to make assumptions, then it is
certainly easier to strike upon an area with accuracy than on a certain
individual value.
One must be careful not to consider the market as a closed unit when
evaluating market uncertainty. Specific facts relating to the market
should rather be taken into account. Assume that South African
industry can expand • step by step • its production of a variety of
commodities. Such a growth in production will eventually lead to a
higher level of prosperity for all South Africans, especially for people
who are presently unemployed. Against this prospective of prosperity,
the automobile Industry may speculate that It would be possible to
11 Albach, 1976: 220 in Ihe originallole!:
·Wenn oserforderlich ilt. wie ea ofl vorkomml. Vermulungon anzullellen. iSI
el licher leichlor einen Bereich mil elniger Genauigkeil zu Ireffen. els einen
beslimmlen Einzelwert.·
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produce and sell more cars in the future. This train of thinking is
undoubtedly warranted as far as the automobile industry as a whole is
concerned. Corporations such as Mercedes or BMW will probably not
view such a developmont in the same light as Fiat, Nissan or Ford. It
would seem to be reasonable to expect that as 8 result of the
prospective economic growth, people not having a car yet, will view
the car market In a different light as those already In possession of a
car and a certain level of prosperity. The last mentioned group may
consider replacing their cars. One knows from experience that people
who buy a car for the first time are more likely to buy in the lower
price class than those already having a car.
The uncertainties inherent in the real market are dependent on many
often opposing effects, which may differ from product to product and
corporation to corporation.
In business, yet another effect should be considered in viewing
uncertainty. The employee can only Identify uncertainties when dealing
with the data in more detail than Is usually the case. Only then will the
uncertainties Inherent in the market place become more transparent.
The growing pressure on the decision maker to quantify uncertainties,
compels him to collect data with more care than was the case in the
past.
2.3.2. Forecasting techniques for the determination of
market uncertainty
The simplest method for forecasting the future presents itself where
the employee estimates the market uncertainty for every period t.
Markel uncertainty Is, however, not as simple as that. In fact market
uncertainty would not hove been a consideration should It be that easy
to estimate it.
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The use of different scenarios, flexible planning, and projections based
on careful calculations, have been advanced by some authorities as
solutions to the problem of market uncertainty. The use of scenarios to
identify the effects of different sets of market, technological, and
financial parameters, have some definite advantages but also serious
limitations.
Each scenario describes a possible future situation and the course of
events leading to It. In practice not all possible scenarios are fully
considered in the planning process. Cost considerations compel the
decision maker to be satisfied with only a few future hypotheses. It Is
usually advisable to separate the environmental scenarios Into three
versions, namely an optimistic, average and pessimistic option [Zapfel,
1989a: 16-20).
Further possibilities are the application of regression computing and
forecasting techniques. Both have been embodied in mathematical
models. The combination of past and future data In such models do not
give results substantially different from that obtained by the scenario
technique. The mathematical origin and application of these models will
not be discussed In this study. The literature pertaining to this model
are, however, well known [Zapfel, 1982: 165-176; Levin, 1987: 513-
531 ).
The third method, namely flexible planning, extends beyond simple
prediction, i.e. the Inclusion of data uncertainty in projections about the
future. The actions that exist at the beginning of the planning period
when the environmental conditions are known, are determined
conclusively. A system of contingent plans Is drawn up for all
subsequent situations that may materialise. The decisions on future
actions are simultaneously co-ordlnated with decisions on present
actions. The uncertainty of future environmental developments are
considered in such a way that contingent plans for all foreseeable
environmental developments are made [Zapfel, 1989b: 40-62; laux,
1982: 251·252; Hart, 1940: 60; Levin, 1987: 164-171; Magee, 1964:
126-138; Brigham/Gapenskl, 1987: 318·321).
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One of the better known processes supporting flexible planning is the
so-called decision making tree process, in which the different decision
making problems are illustrated in graphical form (Riggs/West, 1986:
473-484; Weston/Copeland, 1986: 471-474).
It is important to bear in mind that no matter which approach Is
followed, future environmental data will be characterised by
uncertainties. Perfect forecasting, even when large sums of money and
effort have been Invested in data collection and testing, remains an
utopian dream. It Is therefore incumbent when planning Is done, to
bear in mind as a fundamental principle, that uncertainty can never be
eliminated, no matter how carefully the study Is done. Such
uncertainty should in Itself be studied carefully as a phenomenon in its
own right.
2.3.3. Integration of the employee qualification by the
superior body
The ultimate decision making body, be it an investment committee or
board, should always have confidence in the data compiled. It is not
the task of such a body to reconstruct or re-evaluate such data. The
employee who compiled the data should have the status, depending on
his qualifications and experience, to do the work to the best of his
ability and to consult whatever source he may deem necessary should
he feel a need for such an autonomous input. Should the superior body
be of the opinion that the employee's work merits qualified confidence
only, some provision will have to be made for one or other form of
discounting of the Inflow surpluses as a safeguard against such
uncertainties as it may be considered appropriate.
Should the superior body have major reservations about the accuracy
of the data compiled by the employee the data will have to be analysed
and modified In more detail. The following case has to be avoided:
Consider an employee who compiles data very Inaccurately. To rectify
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this inaccuracy he incorporates in his calculation a correspondingly high
market uncertainty factor. The superior body is aware of the
inaccuracy of the data and also has strong reservations about the
employee's Qualification. The data concerned, is corrected by the
application of a large employee Qualification factor. This will result in a
picture not representative of the true facts of the project.
It is assumed that the uncertainty caused by the emploYBfI qUIlOnCiltlon
Is constent over the life of a project. There Is no logical reason why the
data uncertainty caused by the employee qualification should be
different for different periods of a project's life. The Influence of the
employee Qualification relates to 0',0' as the employee as well as the
superior assume 0.,0 to be the correct value. Should this not be the
case, the analysis should be regarded with suspicion.
The inflow surplus under conditions of total uncertainty, I.e. a
combination of market uncertainty and the limitations of employee
qualification, should be calculated as follows:
O,.To = 0'.0 ± (~Dt.M. + ~O•.Em)
a 0'.0 ± [aM.· 0.,0 + (l-aEm)· 0.,0)
= 0,.0·[1 ± (QM.+ 1·aEm))
O.,To
L10.,M.
0.,0
Inflow surplus in period t considering the total uncertainty
Uncertainty interval of the Inflow surpluses in period t as a
result of market uncertainty
Uncertainty Interval of the inflow surpluses in period t as a
result of employee qualification
Inflow surplus In period t without considering the
uncertainty
Relative market uncertainty (referring to °..0)
(OM. -1: total market uncertainty, ~. -0: no market
uncertainty)
Relative employee qualification (referring to 0•.0 )
(aEm -1: total qualification, QEm - 0: no qualification)
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This can be explained as follows for a selected period (Figure 2):
Figure 2: Consideration of Market Uncertainty and Employee
Qualification
(Inflow surplus D•.To results from Inflow surplus 0 •.0 _ the
market uncertainty AD•.M, and the employee qualification A
D•. Em )
~
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In summary, this means that an interval [0+ t,To' O"t,Tol (Figure 2) is
obtained for each period t. The decisive factor is that there is no longer
a fixed value 0.,0 which can be considered as absolute. This value is
replaced by an inflow surplus interval.
An important question relating to the phenomena discussed, especially
the nature of the uncertainty inherent in the data and the project
evaluation, relates to the evaluation of the employee qualification.
There will probably never be a rule or formula that could be employed
to determine employee qualification. The assessor will, therefore, have
no alternative but to base his judgement on previous experiences as far
as the employee is concerned.
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2.4. Calculation of the net present value under
conditions of data uncertainty
A fixed inflow surplus per period t is usually assumed for the
calculation of the net present value of an investment. In the light of
previous considerations it may however, no longer be feasible to
assume a comtsnt, llbsolute Inflow surplus; there may in fact be an
inflow surplus Intervlll as a result of the uncertainty. This means that
the result cannot be a single net present value but a net present value
Intervili.
The question, however, is how is this interval to be determined, I.e.
what points (net present values) of this Interval are relevant for the
determination of profitability 7
2.4.1. Determination of the net present value Interval
For the calculation of the net present value Interval it Is necessary to
calculate the net present value using the inflow surplus interval for
each period t, which represents firstly, the most favourable case, I.e.
0+ t.To' and secondly, the most unfavourable case, O·t.To' for each
period t (see Figure 2).
There is then two net present values for an investment consideration
representing the boundary points of the net present value interval:
T
NPV' '" 0- • l'T To t:lI - ,To
"-0 '
Most favourable net present
value (NPV) to be expected
Most unfavourable net present
value to be expected
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At this point, a third net present value is calculated assuming that
those inflow surpluses determined without consideration of uncertainty
are applicable, i.e. 0',0' This net present value, NPVr,o' is needed for
calculations or considerations at a later stage:
T
NPVT 0 == 1: D. 0 • l"
't-O .
Net present value without considering
data uncertainty
Albach12 (Albach, 1975: 216) evaluated the attempt to describe an
interval with three values as the representatives of the Interval as
follows: Although this process Is a step In the right direction, there Is
however, no common denominator that could be used to compare the
different possibilities with each other. The main point of criticism Is
that a spread of the possible results Is obtained, but that no rule or
Indication Is given of measures that could be applied to select the most
probable value.
If one disregards all the difficulties of compiling data with the contempt
which "pure" theoreticians show for reality13 (Schneider, 1980: 415),
one must undoubtedly share Albach's view. In considering everyday
business practice, however, Schneider14 [Schneider, 1980: 108) takes
12
13
14
Albach, 1976: 216 in the original text:
"Obwohl dieses Vorgehen einen Schritt in die richtige Richtung darstellt, gibt
es dennoch kein BUd, das klar genug ist, um mehrere MOglichkeiten mit-
einander zu vergleichen·
Schneider, 1980: 415 in the original text:
·Sieht man mit der Tollkuhnheit, die ·reine· Theoretlker Itets gegenuber der
Wirklichkeit beweilen, von allen Erfulungsschwierigkeiten .b....
Schneider, 1980: 108 In the original text:
·Wenn lch weiB, daB lch zu dumm bin, aile ZusammenhAnge elnel Entschel·
dunglproblems unter UngewiBhelt zu durchlchauen, und/oder kelne Zeit
habe, mich gn.1ndlich auf dielel Entacheidunglploblem vorzuberelten,
und/oder keln Geld belltze, tene InformaUonen zu beachaffen, dte ertangbar
waren: warum loll ea dann noch vernOnftig sein, Nch dem Erwanungswen
del RlslkonUtlenl zu entlcheiden? Und warum unvernunftlg,
Entscheldungsregeln zu wahlen. die schwlchere MeBbarkeltsanforderungen
an GlaubwOrdigkeitlSchitzungen Itellen7"
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a more pragmatic view when he warns of thoughtless constructions,
i.e. simulations of probability distributions: Realising that I am too
stupid to comprehend all the circumstances of a decision making
problem and/or having no time to prepare myself for the solution of
such a problem and/or having no money to obtain such Information as
may be necessary, why would it still be reasonable to make an
investment decision based on the expectation value? And why would
it be unreasonable to choose decision making rules which demand less
measurability on the credibility of estimations ?
2.4.2. Determination of the profitability of an Investment
using a net present value interval
Based on the determined net present values, namely, the most
favourable net present value which may be expected (NPV +T.To), the
most unfavourable net present value which may be expected (NPV-T.TO)
and the net present value without considering uncertainty (NPVT•O) ' one
may limit the examination of profitability by investigating the profit"
ability of the worst net present value of the interval, namely NPV-T.To'
This approach is however, only partially correct. While it is reasonable
to conclude that NPV-T.To > 0 is a sufficient condition for a conclusion
that the investment planned is profitable under all circumstances, the
Inverse conclusion NPV"T.To <0 does not necess,rlly mean that the
investment will be unprofitable. Although it implies that the Investment
may be unprofltabl6 under adverse conditions, this nlHld not necessarily
be so. If one were to take only NPV·T•To Into consideration in making
the decision, one would introduce the "certainty pessimism" referred to
above.
It Is more realistic in formulating 8 more exact opinion, to determine
the net present value in the first step without considering the
uncertainty (NPVT,o). If, for Instance, NPVT.O>O, one may assume that
the investment Is more Hkely to be profitable. The opposite Is true for
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NPVT.O < O. An investment can only be regarded as unprofitable should
NPV+T.To<O and also NPVT.O<O and consequently NPV"T.To<O. It is
therefore not justified to dismiss the investment as unprofitable solely
because NPV"T.To<O and/or NPVT.O<O. NPV+T.To<O is the only
suffld8nt condition for unprofitability. It should, however, once more
be emphasised that NPVT.O < 0 obviously points to an investment that is
likely to be unprofitable.
2.4.3. Definition of an uncertainty factor based on the net
present value Interval
The determination of the absolute net present value Inaccuracy ~NPV
can be derived from the previous calculations as follows:
~NPV= INPV+ T.To - NPVT,ol = INPVT.O" NPV"T.Tol
The absolute inaccuracy of the net present value I~NPV) is however,
not a significant reason for making a decision. In the comparing of
investment projects, a higher net present value inaccuracy need not be
a sign of a bad investment alternative. A relevant opinion can only be
made in comparison with the net present value without data
uncertainty NPVT.O' i.e. in terms of a relative uncertainty that is
indicated by B in the following equation:
B =
NPV+T,TO" NPVT,o
NPVT,o
NPVT,o - NPV-T,To
NPVT•O
The combination of the net present value without data uncertainty
NPVT,O' and the uncertainty B inherent in it gives the first indication
whether the project may be profitable or not. The following
combinations between NPVT,o and B are possible (Table 8):
Table 8:
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Combinations of Net Present Value and Uncertainty 8
NPVT.O>O NPVT.O<O
Investment is profitable under all Investment is unprofitable under
B<1 circumstances. all circumstances.fsufficient condition for fsufficient condition for
profitability) unprofitabillty)
Investment may be both Investment may be both
B>1 profitable and unprofitable, profitable and unprofitabte,depending on circumstances. depending on circumstances
Investment projects In which NPVT.O<O and B< 1 can be Ignored
summarily, as even the most favourable net present value NPV + T.To
will always be negative. Table 8 provides a matrix representation of the
conditions necessary for profitability and non-profitability as discussed
above.
2.5. Conditions basic to the Multifact model
As shown in chapters II and III, a ranking formation based only on the
net present value (single goal setting) does no justice to the
requirements of the business world [Strebel. 1972: 95; Machlup. 1952:
47·49J. The requirements are to consider alternatives (multiple criteria)
and to incorporate data uncertainty in the process of decision making.
A question fundamental to investment decision making presents itself
in the objectives of such an investment.
The results of investigations Into the various investment decision
making models found that investment decision making is mainly based
on the /HIt present vstu«, the IImon/slltlon dUTllt/on, the Investment
out/II'!, and the risk Involved In the Investment (GAfgen, 1968: 11 5J. It
was also found that In those cases where more than one criteria were
employed, there was no mathematical link between such criteria. The
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results obtained by each of the criteria, l.e. the net present value. year
of amortisation and others. were considered separately.
It is the objective of the following sections to discuss an investment
decision making model which takes the different criteria simultaneously
in consideration in evaluating a project.
2.5.1. Consideration of the net present value and the
relative net present value
It is not advisable in practice to consider or evaluate the two criteria.
net present value and Investment outlay individually, considering the
fact that a small Investment outlay may not necessarily imply a high
net present value. A high net present value may not infer a small
investment outlay. A more reliable indication of the true nature of the
prospective profitability of a project may be obtained by considering
the relative net present value (NPVrel)1 5 in addition to the absolute net
present value:
net present value NPVT•O
NPV,.,= -------------
linvestment outlayl
The relative net present value obtained, is a more defined value
indicating especially the net present value per monetary unit employed.
This relative net present value may be used as a criterion for the
ranking of projects, especially as far as the relationship between the
net present value and the investment outlay is concerned. Thus the
resources available for investment can be used to optimal advantage.
16 The effect. of data unccrtainty deal. with the uncertainty factor B (page
1101 in calculatlona. It ia for this reason that the relative net preaent value of
NPVT.OI. formed.
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This logic applies also in the planning of the optimal sales volume. A
contribution margin is calculated by dividing the investment by the
production units at the bottleneck capacity IKilger, 1987: 400;
Horngren/Sundem, 1990: 296-297/.
2.5.2. Evaluation of the point of amortisation
Another criterion for the ranking of Investment proposals Is the
amortisation duration, Indicating the period required to recoup the
Investment, I.e. the capital employed Inclusive of Interest payments.
The use of the amortisation duration as a criterion for the evaluation of
a project suffers from the disadvantage that profitability Is only
considered up to the point of amortisation. There is a real danger that
projects promising better profits with the passing of time may be
ranked unfavourably. It Is for this reason that a ranking procedure
should not only be based on the amortisation duration [Schneider,
1980: 245: Petty/Scott/Bird, 1975: 162-164/. Ignoring this
disadvantage, fact is that knowledge of the amortisation duration
should not be under-estimated, considering the fact that relevant
information is obtained about the nature of recoupment of the
investment and the relativity of technological obsolescence. The speed
of recoupment is important for the cash flow. An amortisation of short
duration can also beused as a barometer of the sensitivity of a project,
should sales decline rapidly at a relatively early stage of the projects
life. A project with a short amortisation duration, characterised by data
uncertainty, Is obviously less risky than a project with a longer
amortisation duration ,e.
A short amortisation duration also has the advantage that the effect of
the data uncertainty, which increases with time, Is less than will be the
case for a project having a longer amortisation duration.
16 Kilger, 1965: 344 refera to the amortisation duration 11I1 certainty criterion.
2.5.3.
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Optimistic and pessimistic interpretation of data
uncertainty
One must refrain from using the next ranking criterion, l.e. data
uncertainty, as a sole measure for the evaluation of 8 project. A low
level of data uncertainty Is obviously more advantageous than a high
level of data uncertainty. It is, however, often unwise to base a
decision on the absolute profitability level. A relative net present
value17 of 100 and data uncertainty of 10 per cent is obviously better
than a relative net present value of 10 and data uncertainty of 5 per
cent,
Data uncertainty should not be confused with pessimlsmu" I.e. the
principle of caution [Blohm/Lader, 1983: 190; Pflomm, 1963: 41]. A
project with great data uncertainty Is often characterised by a
significantly better net present value (NPV +T.To) than expected.
In considering the ranking of a project, consideration should be taken
of the entrepreneurs risk aversion or his willingness to accept such risk
as there may be. Consider the case shown in Table 9.
Table 9: Net Present Value Intervalof Two Alternatives
Alternative I Alternative II
I Net present value 20 ± 5 monetary units 17 ± 1 monetary units
17 The relallve nel present value does not have a dimension. I.e. Rand or Rand
per year because the net present value with the dimension Rand Is divided by
the Investment outlay with the same dimension. namely Rand. See equation
In paragraph 2.6.1. of this chapter.
18 This is also the main point of criticism In the dala correction process. All the
relevant influencing factors are eSllmated by means of a pessimistic
evaluation on the leemingly ·cenain- Iide. However, luch I project may be
evaluated unfavourably. l.e. more peslimistlc than It IClually II • one exposes
oneself 10 a prlctlce of calculating the Investment project -10 death· IRuhli,
1970: 168: Jacob, 1981: 620: lutz, 1961: 192; Schneider. 1980: 246)
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A pessimistic decision maker, i.e. a risk averter will prefer alternative II
to alternative I. His argument is that he is certain of a net present value
of at least 16 monetary units, compared to alternative I which could
have a net present value of only 15 monetary units. The optimistic
decision maker, I.e. the risk acceptor will prefer alternative I, having a
possibility of a net present value of 25 monetary units compared to the
18 of alternative II. The risk neutral decision maker would be Inclined
to evaluate the two alternatives free of emotion, according to the
prospective value. He would prefer alternative I.
It may not be possible to establish with any degree of certainty what
the risk profile of an investment decision maker or his principal may be.
The circumstances surrounding a particular project and the employee
qualification are Important considerations as far as dealing with the risk
factor Is concerned.
2.6. Decision making dilemma in an one dimensional
objective system
In chapter II the relevance of various decision making criteria as well as
their strong and weak points were discussed. It was shown that not
one of the different criteria, t.a. the net present value, the relative net
present value, the amortisation duration, or data uncertainty could be
used singularly to evaluate the merits of an investment proposal. A one
dimensional criterion system Is therefore not regarded as acceptable.
The following fictitious Investment projects, shown In Table 10, are
used to explain the problems Inherent In an one dimension goal system.
Ranking the investment projects according to the four criteria gives the
results as In Table 11.
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Table 10: Fictitious Multiple Criteria Investment Projects
Net present Relative net Amortisation Data
value present duration uncertainty
(monetary value (time units) factor 8
units)
Project A 2000 10,0 5 0,3
Project B 2000 10,0 3 0,3
Project C 1500 7,6 2 0,1
Project 0 1600 8,0 2 0,7
Project E 1800 9,0 4 0,5
Table 11: Ranking According to a Single Criterion Decision Making
Model
1st place 2nd place 3rd place 4th place 5t h place
Net present
value A and B E 0 C
Relative net
present velue A and B E 0 C
Amortisation
duration C and 0 B E A
Deta uncertainty
(risk aversion) C A and B E 0
Data uncertainty
(risk preference) 0 E A and B C
Comparison of the ranklngs, leaves one with the Impression that an
one dimensional goal system leads to results of 8 rather diversified
nature. It is obvious that a model is needed that will enable the
decision maker to use the four criteria simultaneously In order to come
to a decision 8S to the merits of the project.
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2.7. Decision making using multiple criteria· Application
of the Multifact model
The objective of the next section of this chapter is to combine the
different considerations and proposals discussed in previous paragraphs
into a single investment decision making model. Such a model based
on multiple criteria may be more applicable in a world of Increasing
market uncertainty.
2.7.1. Normalising of input values in the Multifact model
Comparing the outcome of different criteria, used singularly, to
evaluate the merits of an Investment proposal runs mainly Into two
problems.
The first problem encountered is that the different criteria may be
denominated in different units of measurement. Denomination of the
net present value In Rand and amortisation duration in years, and so
on, makes comparison difficult, if not Impossible. The second problem
presents itself in the fact that the respective partial utility values
cannot be calculated from the individual criteria contributions.
Both problems may be solved by normalising the respective quantities
of the various projects, namely the net present value, the relative net
present value, the amortisation duration and the data uncertainty. It
means that the respective quantities are weighted in relation to the
best of these values, (e.g. the highest relative net present value of all
projects under Investigation or the shortest amortisation duration).
Normalising results also In the fact that different quantities become
absolute (partial utility value).
Normalising Is defined as follows for quantities t which one prefers to
be as high as possible (net present value, relative net present value,
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data uncertainty in a risk preference consideration, i.e. in terms of a
chance):
t
0=-- o Normalised quantity
t quantity to be normalised
'tm • • : reference value (e.g. highest relative
net present value of all investment
alternatives considered)
The following definition is used for quantities which one prefers to be
as small as possible (amortisation duration and data uncertainty in a
risk aversion situation):
0=--------
a
t
'tmin:
'tmax:
Normalised quantity
quantity to be normalised
minimum value (e.g. shortest
amortisation duration of all investment
alternatives considered)
reference value (e.g. longest
amortisation duration of all investment
alternatives considered)
Normalising results in an investment proposal based on different
ranking criteria, only compares well to the alternative proposals, should
the normalised quantities of the different criteria be close to value 1
(see Table 20 on page 124).
A linear utility function is assumed in the normalising exercise above.
The decision maker is obviously free to use any other utility function
should he wish to do S019. The procedure remains the same.
It may also be conceivable to arrange the respective values according
to rank, I.e. 1st place, 2nd place ...nth place or in grades, i.e. 1 = very
19 See the discussion in chapter II regarding the different utility functions.
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good, 2 = good and so on 20 • The procedure, however, has a decisive
disadvantage in that the ranks or grades do not indicate what the
margin or distance between the different values is. The cumulative
distance between the 2nd and the 5th place may be smaller than that
between the 1st and the 2n d place.
2.7.2. Weighting of individual criteria employed in the
Multifact model
As a next step in applying the Multlfact model, one has to establish a
weighting procedure that outlines how much the respective ranking
criteria (partial utility values) should influence the final result. The sum
of the weighting coefficients should come to 1, in order to maintain the
normalisation of the result, as shown in Table 12.
Table 12: Sum of all Weighting Coefficients Equals One
Ranking criteria Weighting coefficient
Net present value (aNPV)
Relative net present value (aNPV,,,.)
Amortisation duration (aim",,)
Data uncertainty (an.,)
Sum of weighting coefficients (aNPV) + (aNPV,..) +(aAmof1) + (aOa, ) lIZ 1
The values presented in Table 13 are established arbitrarily in the case
used.
The values of the weighting coefficients mean that the effect of the
capital value on the final result is seven times that of the relative net
present value, the amortisation duration and the data uncertainty.
20 One will have to fall back on the principle of the lexClgrlphicl1 order.
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Table 13: Value of Weighting Coefficients In the Case used
Weighting coefficient Value
(aNPvl 0,7
(a",p\J...I 0,1
(aAmlV.1 0,1
(anA.) 0,1
2.7.3. Calculation of the profitability of the Investment
proposal by means of the Multlfact model
The values of the weighting coefficients of the different criteria must
be multiplied by the normalised quantities for each alternative and
added together. The higher the value determined (total utility value),
the more favourable the investment is, compared to the alternatives
(see Table 20 on page 124).
The calculation for project E, which was introduced on page 116, is
shown in detail in the following tables (Tables 15 • 19). The figures for
project E are as shown in Table 14:
Table 14: Values of Decision Making Criteria of Project E
Net present Relativenet Amortisation Data
value present duration uncertainty
(monetary value (time units) factor &
units)
Protect E 1800 9,0 4 0,5
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The first stops are the normalisation of the input values and
multiplication by the weighting coefficient. This has to be done for all
decrsion making criteria. namely tho net present value ITable 15). the
relative net present value (Table 16), the data uncertainty (Table 17)
and the amortisation duration (Table 18).
Table 15: Calculation of the Normalised and Weighted Net Present
Value
Net prosent value: 1800 (monetary units)
T 1800
Norm. 21 quantity o • --- • 0.9
Tm.. 2000
Normalised quantity • Weighting • 0,9 • 0.7 • 0,630
Table 16: Calculation of the Normallsed and Weighted Relative Net
Present Value
Relative net present value: 9.0
T 9.0
Norm. Quantity o •
---
• 0.9
Tm •• 10.0
Normalised quantity • Weighting. 0.9 • 0.1 • 0,090
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Table 17: Calculation of the Normalised and Weighted Data
Uncertainty (Risk Preference and Risk Aversion)
Data uncertainty: 0,5
'tm u + t mlll" t 0,7+0,1·0,5
Norm. quantity 0= = =0,429
(risk aversion) 'tmex 0,7
't 0,6
Norm. quantity o = a = 0,714
(risk preference) 'tm •• 0,7
Normalised quantity • weighting - 0,429 • 0,1 • 0,043
(risk aversion)
Normalised quantity • weighting - 0,714· 0,1 • 0,071
(risk preference)
Table 18: Calculation of the Normalised and Weighted Amortisation
Duration
Amortisation duration: 4 (time units)
'tm •• + tmln"t 6+2-4
Norm. quantity 0= = = 0,600
'tmex 5
Normalised quantity • weighting - 0,6 • 0,1 • 0,060
The final results for project E are summarised In Table 19:
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Table 19: Summary of Results relating to Project E
Normalised value
Criteria Value Normalised Weight multiplied by
value Ing weighting
Net present 1800
value (TA.) 0,9 0,7 0,63
Relative net
present value 9,0 0,9 0,1 0,09
Data 0,429 0,043
uncertainty 0,5 (risk aversion) 0,1 (risk aversion)
0,714 0,071
(risk preference) (risk preference)
Amortisation 4th
duration year 0,6 0,1 0,06
0,823
Total (risk aversion)
0,851
(riskpreference)
The result for all projects (project A . project E) can be seen in Table
20 and Table 21.
Project C and 0 have changed places as far as risk aversion and risk
preference are concerned. The reason for the changed position is to be
found in their respective data uncertainties. Project C is the more
reliable of the projects, with a data uncertainty index of 0,1, compared
to project 0 having the highest data uncertainty index of 0,7. Taking
risk aversion as a basis, project C will be significantly higher rated than
project D. The ranking of project C will be exactly the opposite should
risk preference be an important consideration.
The advantage of Multifact is that all factors which have an effect on
the final result are considered in the determination of the ranking. The
evaluation of investment projects is thus based on a more reliable basis
than has been the case until now. The decision maker is also in a
position to adjust the weights of the different criteria in accordance
with his preferences, I.e. the initial conditions under consideration.
Table 20: Ranking of Investment Alternatives
for Risk-aversion and Risk-acceptance (Values in Brackets)
Net present value Relative net present Data oocertainty Amortisation duration
value
norm.2 2 norm. norm. norm.
value value value value value value value value Sum Renking
·weinht ·weinht ·weight ·weight
Proiect A 2000 0.700 10.0 0.100 0.3 0.071 5 0.040 0.911 2
10.0431 10.883) (2)
Protect B 2000 0,700 10,0 0,100 0,3 0,071 3 0,080 0,951 1
10,0431 10.923) (1)
Project C 1500 0,525 7,5 0,075 0,1 0,100 2 0,100 0,800 4
10.014) 10.714) IS)
Project D 1600 0.560 8.0 0.080 0.7 0.014 2 0.100 0.754 5
10.100) 10.840) (4)
Proiec1 E 1800 0.630 9.0 0.090 0.5 0.043 4 0.060 0.823 3
10.071) 10.851) (3)
Table 21: Values Applied in W Coefficients:
WeiGhtina eoeffldent Value
""00-'''_ la...... 1 0.70
....., ..... ne11lf_' .._ la..._ I 0.10
c.,. unc..,...1Y 1an •• 1 0.10
Alncw1_'-. _.,-. lao I 0.10
n As already mentioned in footnote 21, -norm.- Is the abbreviation for -nonnalise<r.
...
r-,)
~
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2.8. Range of applicability of the Multifact model
Knowledge of the range of applicability of an investment model is the
basis for its application. One has to accept that each model can only
cover a certain problem area. Beyond the defined application area it
cannot result in a sound decision. The Multifact model is based on the
following two premises, namely, firstly, that pure economic criteria
such as the net present value, the relative net present value, the
amortisation duration and data uncertainty are of prime Importance.
secondly, that the projects under Investigation are firmly based on
considerations to improve the firm's profitability and not on legal
demands, I.e. environmental protection or work safety.
As far as the first premise Is concerned, It should be noted that not all
investment projects are evaluated in pure economical terms. There may
be a whole string of additional factors affecting the decision, I.e.
strategic or social considerations. Such factors may result In a revision
of the ranking of Investment projects. This however, does not change
the fact that the decision maker derives great help from the
quantification of the merits of an Investment project. He Is now also in
a position to Introduce additional decision making criteria, l.e. number
of competitors offering a similar product, capital Introduced from
outside sources, and others.
As far as the second premise is concerned, fact Is of course that
essential Investments take priority. Investments prescribed by law need
not be examined further in this study. The capital required for such
Investments is of course a draw on funds available for profitable
utilisation.
2.9. Application of the Multifact model in a concrete decision
making situation
The objective of this paragraph is to re-evatuate the case presented in
chapter III with the aid of the Multlfact model 8S outlined In previous
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paragraphs. The profitability calculated in chapter III will be compared
with the Multifact result.
2.9.1. Series of cash-inflow surpluses
consideration of data uncertainty
without
Analogous to the method presently employed the cash-Inflow surpluses
are determined for the respective periods. Data uncertainty Is not
Initially taken Into account In the collection of the data. This results in
the series of Inflow surpluses shown In chapter III as options 1, 2 and
3 (see Table 22).
Table 22: Cash Flows of the Options One to Three as Shown In
Chapter III (R 1000)
tn t, t., t.. tA t.. t. t, t.
ODllon 1 ·11800 ·18000 ·14600 ·14600 ·141100 ·141100 ·141100 ·14600 ·14600
Option 2 ·131100 ·13600 ·13600 ·131100 ·13600 ·131100 ·13600 ·13600
ODtion 3 ·7000 ·131100 ·12000 ·12000 ·12000 ·12000 ·12000 ·12000 ·12000
The background for this investigation of the cash-inflows is that a
decision has to be made how to produce a component required for the
launch of a successor product. The objective of the Investigation of the
investment alternatives is to compare option two and three with the
existing practice, namely option one.
2.9.2. Integration of the effect of market uncertainty in
cash-Inflow surpluses
As shown in previous chapters, the non-availability of data with no
Imperfection as far as the future is concerned, compels the decision
maker to provide explicit IV for such market uncertainty in the decision
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identified in chapter II as a major headache for the decision maker.
In the case relating to the to-house manufacture or not of a
component, the profitability is derived as a first approximation23 from
the volume of production. The production volume, however, depends
on the sales figures. The phenomenon of uncertainty, and its
Implication for Investment decision making, emanates mainly from the
sales Insecurity. The prospective sales figures are almost always
nothing but Informed guesswork. Market uncertalntv can seldom be
eliminated completely.
A value of 2 per cent has been assumed In the case study as the rate
of growth of market uncertainty24. This figure was obtained from the
marketing department. Suspicion on the side of the In-house
specialised departments may compel the study group to consult the
services of a market research Institute.
The fictitious Investments of the case In chapter III, which lead to
alternatives A and B (Table 23), are of Interest for the further
discussion of the integration of the market uncertainty.
Table 23: Fictitious Investment which Leads to Alternatives A end B
tn t, t., to. tA tI:- t. t., t.
A1l_d". A 15600 2500 1000 1000 1000 1000 1000 1000 1000
A1terned". B ·,.00 2600 2500 2600 2600 2600 2500 2600 2600
23
24
In reality many other factors l.e. warranty costs, payroll costs, selling price
and others influence the profitability as well. It Is, however, the objective of
this dissenation to evaluate the rationale of Investment decision making. To
consider all the relevant market uncertainty factors would not change the
logic of the procedure suggested here. It would, however, contribute to make
the evaluation and discussion for the reader more confusing without providing
more Insight. Thus it is tenable to take' under such premises' only the main
contribulor wilh regard to market uncertainty in consideration.
A few techniques for the estimation of market uncertainty were mentioned In
paragraph2.3.2. of this chapter.
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The process of integrating tho effects of market uncertainty in the
determined cash-inflow surpluses is shown in Table 24 and Table 25 in
detail.
2.9.3. Integration of the effect of employee qualification
In the cash-inflow surpluses
In the previous paragraph, the effect of market uncertainty was
Integrated In the cash inflow surpluses for each period of the planned
project life. The next step in considering the effects of data uncertainty
is the integration of the effect of the employee qualification in the cash
Inflow surpluses. The quality of the employee qualification, I.e. the
confidence which the decision making committee has in the reliability
of the data determined by the employee, must be quantified.
The employee qualification has been fixed at 3 per cent in the case
study 26 , I.e. it is assumed that the data may be up to 3 per cent
greater or smaller purely as a result of the qualification of the employee
responsible for Its collection.
The 3 per cent may, however, not be applicable to the cash flows
derived from the estimated purchase price of the finished or semi-
finished component (alternatives A and B). This is a result of the
purchasing department's indication that the price has not yet been
finalised and that price fluctuations of up to 10 per cent are possible28•
The purchase price must therefore be considered to have a span of 10
per cent either side of a central value.
25
26
The problems relating to the determination of the employee Qualification will
be discussed In paragraph 2.13.2. of this chapter -Idenliflcatlon of the
uncenainty fectors·
See the description of the Investment project described in chapter III.
Table 24: Cash Rows of Alternatives A and B under Conditions of
Market Uncertainty (R 1000)
In t. t. t.,. t" te. ta t'J ~
WOISt expectation 5600 2450 960 940 920 900 880 860 840
Alternative A 5600 2500 1000 1000 1000 1000 1000 1000 1000
best expectation 5600 2550 1040 1060 1080 1100 1120 1140 1160
worst expectation -1400 2450 2400 2350 2300 2250 2200 2150 2100
Altematfve B -1400 2500 2500 2500 2500 2500 2500 2500 2500
best expectation -1400 2550 2600 2650 2700 2750 2800 2850 2900
Table 25: Explanation of Calculation for Altemative A in t2 (R 1000)
Value Explanation
1QOO-4O = 960 (1000: normal expectation Alternative A)
WOISt expectation (Ahelnative A) 960 40=4% of 1000
4% = 2% increase in market uncenainty per year (t ... is second year)
nonnaI UDeCbtion (Alternative A) 1000 calculated value without considering the market uncenaintv
1000+40= 1040
beSt expectation (Ahemative A) 1040 40 ...4% of 1000
4% ...2 % increase in market uncenainty per year Ct ... is second year)
...
r-.)
(D
130
Tho 3 per cent bias omanating from tho employee qualification applies
thorofore to a value with some inherent volotilityY
The incorporation of tho effects of uncertainty having Its origin in tho
employee quoliflcotlon, In addition to the markot uncertainty, results In
tho sertes of pevments shown In Table 26 and Tablo 27.
2.9.4. Calculation of profitability with the aid of the
Multifact model
Tho use of tho Multlfact modol eliminates the Individual use of decision
making crltorla such as the net present value, the relative net present
value, the amortisation duration and the uncertainty Inherent In the
evoluatlon process.
2.9.4.1. Calculation of the net present value for use In the
Multifaet model
As a preliminary step In applying the Multifact model the net present
value is calculated, firstly, without the consideration of data
uncertainty, secondly, under the worst possible scenario of data
uncertainty, and thirdly. under the best possible scenario.
27 Thll IUuatlon Cln bet InUUPfOlod In the folloWIng way: Two employoo. ,ro
Involved In lhe prOC..I of datI colltctlon. The one II he.d 0' lhe purChalmg
departmenl whiCh hli. 'Of lhe doterminlUon of tho purchlae PftCO .n
-employee Qu.~fjcellOn- of 10 per cenl unce","'ly. Tho aecond employee II
rOlponllblt 'or lhe collctcUon 0' en lhe Olher dati. Ho hli .n emgloyeo
Qullt'ie.tlon with. 3 PIr coni uncenalnly grading.
Table 26: Cash Flows of Alternatives A and B under Conditions of Market Uncertainty
and Employee Qualification (R 1000)
~ t. t~ t" tA Ie ta h ta
worst expectation 5432 620
-825 -845 -865 -885 -905 -925 -945
Alternative A 5600 2500 1000 1000 1000 1000 1000 1000 1000
best expectation 5768 4380 2825 2845 2865 2885 2905 2925 2945
worst expectation -1778 1075 1115 1065 1015 965 915 865 815
Attematfve B ·1400 2500 2500 2500 2500 2500 2500 2500 2500
best expectation ·1022 3925 3985 3935 3985 4035 4085 4135 4185
Table 27: Explanation of Calculation for Alternative A in t 2 (R1000)
Value Explanation
1000- 1825 = -825 (1000: normal expectation Alternative A)
·1825 =-435 + (·135m + (-401
wotst expectation (Ahernative A) -825 -435 = employee qualification option 1, i.e. 3% of (-14500)
-1350= employee qualification option 2, i.e. 10% of (-13500); purchase price
uncertainty.
-40 == 4 % of 1000; 2 % increase in market uncertainty per vear Ct.. is second year)
normal uoectation CAltem8tive A) 1000 calculated value withoUl considering the market uncertainty
2825 1000+ 1825 = 2825; calculation according ·worst expectation· logic but with
best expectation CAhernative A) positive sign.
....
w
....
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The results are shown in Table 28. In the calculation of the net present
value an arbitrary discount rate of 5 per cent is used28•
Table 28: Net Present Value underDifferent Scenarios
Net present Net present Net present
value NPVT.O value NPV·T,To value NPV + T.To(without (worst (best
consideration of expectation) expectation)
data uncertainty)
Alternative A 13491 TR. 1167 TA. 25816 TR.
Alternative B 14758 TA. 4617 TR. 24989 TR.
The results of Table 28 give a first impression of the profitability of the
project. The key Information is obtained from the net present value
under the worst scenario NPV-T.To' The fact that the worst net present
value which may be expected Is positive In both cases, I.e. in
alternative A and alternative B, Is a good initial Indication that the
project Is not too risky.
2.9.4.2. Calculation of the relative net present value for use
In the Multifact model
In the calculation of the relative net present value, the net present
value with no consideration of the data uncertainty29 is positioned in
relation to the initial outlay.
28
29
The project under Investigation In this dislenatlon hea Ita origin In Weat
German Industry. It Is assumed that a discount rate 0' 6 per cent Is
representative of the financial market situation. For the South African
business environment. however. 5 per cent may be too low. As mentioned
earlier. the main objective of thia dlssenatlon Is to Itudy the logic of the
Investment process. The logic 0' the process applies whatever the magnitude
of the discount rate. t.e. be It 15 percent or 6 per cent.
The effects 0' data uncertalmv laconsidered In the next paragraph.
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The following relative net present values (Table 29) have been
determined using the data in the previous paragraph and the relevant
investment outlay:
Table 29: Relative Net Present Value of Alternatives A and B
Relative net present value
Alternative A ~30
Alternative B 10,64
A decision maker experienced In decision making with the aid of the
Multlfact model, may foresee at this stage that the effects of the
relative net present value on the final result, will be substantial. The
relative net present value for alternatives A and B gives an Indication of
the net present value (monetary units) which will be achieved by one
monetary unit of the Investment outlay. Alternative A Indicates that
the profitability of the project, based on the facts mentioned in
footnote 28, will be large.
2.9.4.3. Calculation of the data uncertainty factors for use
In the Multifact model
The factors responsible for data uncertainty have their origin in the
quotients derived from the maximum net present value fluctuation and
the net present value exclusive of data uncertainty.
30 Alternalive A does not require an initial outlay. The relative net present value
Is therefore infinite. This InterprellUion Is from a mathematical point of view
superficial. For the economic decision maker. however, It Is justified to
consider the relative net present value as Infinitive because the achievement
of a positive net present value without an Initial outlay is Indeed the best else
one could wish. The firm would realise a profit with no Implications for its
capital budget.
134
From the calculated net present values in paragraph 2.8.4.1. of this
chapter, the data uncertainty B is as shown in Table 30:
Table 30: Data Uncertainty Factor B for Alternatives A and B
Data uncertainty B
Alternative A 0,91
Alternative B 0,69
This sub-result shows that alternative A has a high data uncertainty
factor. Alternative A must therefore be handled with more care as far
as data uncertainty Is concerned by a risk averse decision maker. The
opposite applies to a risk accepting decision maker.
2.9.4.4. Calculation of the amortisation time for use in the
Multifact model
The nature of the cash-inflows (see page 126) is critical for the
calculation of the recoupment period. The amortisation duration for
alternatives A and B is shown in Table 31 .
Table 31: Year of Amortisation for Alternatives A and B
Year of amortisation
Alternative A 0
Alternative B 1st
The Interpretation of this sub-result Is similar to that of the relative net
present value above. Examination of the link between this sub-result
and that of the relative net present value, shows that alternative A Is
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bV far the best option. The reason being that alternative A does not
require an investment outlay.
2.9.4.5. Normalising of the values of the different decision
making criteria for use In the Multlfact model
Normalisation of the values of the different decision making criteria
shown in the last paragraphs, is necessary for the following reasons,
namely, to compare quantities of varying dimensions, and for the
weighting of the Individual results of the different decision making
criteria in relation to the best result of the Individual decision making
criteria.
The different decision making criteria are summarised once again In
Table 32 for the sake of clarity:
Table 32: Results of Different Decision Making Criteria for
Alternatives A and B
Alternative A Alternative B
Net present value NPVT n 13491 TR. 14758 TR.
Relative net present value ~ 10,54
Data uncertainty 6 0,91 0,69
Year of amortisation 0 1
The normalised values are shown InTable 33.
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Table 33: Normalised Results of the Different Decision Making
Criteria for Alternatives A and B
Alternative A Alternative B
Net present value NPVT n 0,91 1,0
Relative net present value 1 0,0
Data uncertalntv 8
(risk aversion) 0,76 1,0
(risk preferonce) 1,0 0,76
Year of amortisation 1,0 0,0
2.9.4.6. Weighting of the criteria involved in the decision
making process with the aid of the Multifact model
As discussed previously, the following criteria playa part In the final
determination of the profitability of the project, namely the net present
value, the relative net present value, data uncertainty and the
amortisation duration.
The weights given to the individual criteria are based on the relevance
of the situation and the respective initial conditions, I.e. the
preferences of the decision maker. The following values for the
weighting coefficients a 31 are used in this case (Table 34):
31 The reesons fOf the selection of the weighting coefficient values will be
discussed In paragraph 2.11. of this chapter, especially II they relate to
economic considerations.
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Table 34: Values of the Weighting Coefficients
Weighting coefficient Value
Net present value NPVT•O (aNPV) 0,7
Relative net present value (aNPVrel) 0, ,
Data uncertainty (aOat) 0, ,
Amortisation duration (aAmo") 0, ,
2.9.4.7. Use of the Multifact model in making 8 final
Investment decision
In the ultimate determination of the profitability of a project, the
normalised values (paragraph 2.9.4.5. of this chapter) are multiplied by
the relevant weighting coefficients (paragraph 2.9.4.6. of this chapter)
for each alternative and then added together. The alternative having
the highest numerical total value (total utility value) Is the most
advantageous.
The profitability ultimately obtained is of course dependent on the
assumptions relating to risk preference or risk aversion and the
weighting coefficients.
The final result Is shown in Table 35 and Graph 6.
In the following paragraphs the ultimate result Is presented in the
manner, as in Table 35 and Graph 6. The page presenting Table 35, Is
split in two parts. The first being the main-table (Table 35), which
shows for the two alternatives, namely IIhemlltlvI A32 and IIltemlltlve
32 The wording, which con be found in the relevant table, will be printed In
-bold, IndInfId "".,.-. This shouldmake It easier to follow the explanation.
Table 35: Ranking of Investment Alternatives A and B
for Risk-aversion and Risk-acceptance (Values in Brackets)
Net pns:sent velue Relative net present Data uncertainty Amortisation duration
value
notm. norm. norm. norm. norm. norm. norm. norm.
value value value value value value value value Sum Ranking
·weight ·weight ·weight • weight
Alternative A 0.91 0.637 1,0 0,1 0,76 0,076 1,0 0.1 0.913 1
(1.0) (0.1) (0.937) (1)
Alternative B 1.0 0.7 0.0 0.0 1.0 0.1 0.0 0.0 0.8 2
(0.76) (0.076) (0.776) (2)
Table 36: Veluel ADDled in the Weighting Coefficients:
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B, the individual results for the four decision making criteria, namely,
the net present vstu«, the lfJ/atlve net present v,/ue, d,ta uncsrtllinty
and the amortisation durstton. The normalised value and the normalised
value multiplied by the value of the weighting coefficient, l.e. the
partial utility, Is shown for each of the criteria. The v,/ues IIppllsd as
weighting c08fflcJents are derived from Table 36. The effects of data
uncertainty are shown for risk averters as well as risk accepters. The
two columns on the right side of Table 35 show, firstly, the sum of the
partial utilities given by the different criteria, which Is the total utility of
alternative A and/or B, and secondly, the ranking of the two
alternatives according to the values of the total utility.
Graph 6 is the main-table (Table 35) transformed into a graph. The
columns in Graph 6 represent the partial utilities of the different
decision making criteria for alternatives A and B next to each other, I.e.
the values mentioned in the columns norm. value • weight of Table 35.
The values in the columns representing the sum (rlsk·averslon) and sum
(risk-lIccsptance) are derived from the main-table column sum.
2.10. Evaluation and interpretation of the results of the
Multifact model and the model normally used
In the conventional investment decision making model, discussed in
chapter 11I33, preference was given to alternative B because of Its
higher net present value compared to alternative A. The sensitivity
analysis did not change the decision. A change of even minus 10 per
cent in the purchase price did not make alternative B greatly inferior to
alternative A.
Contrary to the decision in chapter III, in which the net present value
was regarded as the sale determinant of profitability, and the
sensitivity analysis as a decision-support, alternative A Is shown by the
33 Paragraph 1.2. of chapter III.
This result should, however, not be considered as a general Multifac! result
because of the initial condition • linked to the value of the weighting
coefficients applied. In this calculation the weighting coefficients were
defined as:
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Multifact 34 model to be more profitable than alternative B. This can be
seen from Table 35 and Graph 6.
In the conventional model, the net present value only was considered.
In both models, alternative B remains the more advantageous when
judged In terms of this single criterion. This boarder-line case Is the
result of the weighting procedure mentioned in Table 37.
Table 37: Mulftlfaet Boarder-line Case based on a Single Criterion
Decision Making Model
Weighting coefficient Value
Net present value NPVT•O (aNPV) 1,0
Relative net present value (aNPVrel) 0,0
Data uncertainty (aOat) 0,0
Amortisation duration (aAmort) 0,0
The limitations of the single criterion model are obvious.
The simultaneous use of all criteria by means of the Multifact model
illustrates the marginal effect of the net present value in alternative B.
The merit of alternative B as reflected by the net present value, which
has a final value of 70 per cent (aNPV =0.70), is not strong enough to
34
Wmlltlna coelnclent v....
Net IlfeMnl YIIuI IUtJD\JI 07
RelallYe nee~ VIkle 10••",,.,.,, 01
011IuncertMlrY (un..l 01
AtnoI1lUliCll1 durlllon lu., .\ 0'
The effects of changing values of the weighting coefficients will be discussed
in paragraph 2.11. of this chapter.
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weigh up against the weaknesses of alternative B reflected by the
other criteria, namely the relative net present value and the
amortisation duration.
The ultimate finding, namely the preference for alternative A, Is
informative and reflective of the importance of data uncertainty. This Is
the case whether the data uncertainty is evaluated in a risk aversion
case or in a risk acceptance case. Alternative A remains the more
advantageous of the two alternatives.
It is not correct to conclude from this that data uncertainty has no
significance or that It should not be taken into consideration at all. The
finding solely shows that data uncertainty, whether risk aversive or risk
acceptive, Is not so Important a consideration that It will exert a
decisive effect on profitability. The real advantage of alternative A, as
mentioned above, derives from the relative net present value and the
amortisation duration.
These facts are, from the investor's point of view, of great significance
In decision making. In the case of alternative A, it Is not necessary to
effect an investment outlay in to' Amortisation is therefore of no
consequence, a fact that makes the task of the decision maker easier.
The importance of this consideration is clearly shown by the Multifact
model.
2.11. Significance of the weighting coefficients
The evaluation of the profitability of alternatives A and B presupposes
defining the values of the weighting coefficients aNPV' aNPV,.. ' uOa l and
aAmor l • The determination of these values cannot be done in an
absolutely objective manner. Determination of their values reflects the
subjective assessment of the Importance of the various factors
involved by the decision maker.
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Criticism could be levelled that, despite the attempts to evaluate the
investment decision as objectively as possible, fact remains that the
determination of the weighting coefficients will be highly subjective.
Such criticism underestimates the real meaning and purpose of the
weighting coefficients and the entire modified calculation process,
which facilitates the task of the decision maker by emphasising certain
critical variables. It Is no longer necessary to devise undefined and
Incomprehensible margins of safety as a provision for those
imponderables that cannot be quantified with any degree of precision.
2.11 .1 . Consideration of decision making by means of the
Multlfact weighting coefficients
2.11 .1.1. Uniform weighting of all criteria
In those cases where the Individual criteria appear to have the same
relevance in the decision making process, equal values should be given
to each and every criterion as shown in Table 38.
Table 38: Values Applied In Weighting Coefficients
Weighting coefficient Value
Net present value NPVT•O (aNPV) 0,25
Relative net present value (aNPVrel) 0,25
Data uncertainty (aOat) 0,25
Amortisation duration (aAmo") 0,25
Table 39: Ranking of Investment Alternatives A and B
for Risk-aversion and Risk-acceptance (Values in Brackets)
Net pres'" value Relative net present Data uncertainty Amortisation duration
value
norm. norm. norm. norm. norm. norm. norm. norm.
value value value value value value value value Sum Ranmg
·weight ·weight ·weight ·weight
Alternative A 0.91 0.228 1,0 0.25 0,76 0,19 1.0 0.25 0.918 1
(1.01 (0.251 (0.978) (1)
Alternative B 1.0 0.25 0.0 0.0 1.0 0.25 0.0 0.0 0.5 2
(0.76) (0.19) (0.44) (2)
~
Table 40: Velues ApplIed In Weighting Coefficients:
t
Weighlina coeffidMlt v.....
"'t~nenty"'" 10..._.1 0.25
RaUl'..... net ~_t._ 1<1&._ I 0.26
0.,. unc..-t....'" I..... I 0.26
","Oft_hon ~'11Of'I la ..
-I 0.25
Graph 7: Final Evaluation of Profitabilitv 0
Alternative A - Alternative B
oiect
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Such a situation would present itself should there be a bias towards a
balanced investment alternative, l.e. an investment project of a neutral
character.
The final evaluation of the profitability of the project (Table 39 and
Graph 7) shows a significantly higher profitability for alternative A
compared to alternative B. The ultimate advantage of alternative A
derives from the relative net present value and the amortisation
duration. With regard to the other criteria, alternative A and B show
more or less the same profitability.
2.11.1.2. Net present value weighted as the most important
criterion
The advantage of alternative A is eroded should a high net present
value be regarded as a high priority. Such a case Is shown In Table 41.
Table 41: Values Applied in Weighting Coefficients
Weighting coefficient Value
Net present value NPVT•O (aNPV) 0,85
Relative net present value (aNPVrel) 0,05
Data uncertainty (aDat) 0,05
Amortisation duration (aAmort) 0,05
Applying such weighting, the border-line case of the single criterion
goal system is approached. Alternative A Is more advantageous than
alternatlvo B, although by a small margin only (Table 42 and Graph 8).
The reason for this Is, once again, the effect of the relative net present
value and the amortisation duration. This result Is Important for the
Table 42: Ranking of Investment Alternatives A and B
for Risk-aversion and Risk-acceptance (Values in Brackets)
Net present v.... Relative net pqsent Data uncertainty ~duration
value
norm. norm. norm. norm. norm. norm. norm. norm.
value value value value value value value value Sum Ranking
·weight ·weight ·weight • weight
Altema1ive A 0.91 0.774 1.0 0.05 0.76 0.038 1.0 0.05 0.912 1
(1.01 (0,051 (0,924) (1)
Alternative B 1,0 0.85 0.0 0.0 1.0 0.05 0.0 0.0 0.9 2
(0.76) (0.038) (0,888) (2)
Table 43: Values Appled In Weighting Coefficients: ~
.....
Weiahdna _ffkienl Value
NeIPl_I ...... Ia..._ I 0.85
~l"'"_I Pl.-I ...... I •• I 0.06
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decision maker, although the relative net present value, data
uncertainty and the amortisation duration are of relatively less value in
the calculation. Their small effect is, however, strong enough to
change the conventional decision.
2.11.1.3. Data uncertainty and net present value weighted as
the more Important criteria
This approach assumes that there is some uncertainty about the
profitability of the project under investigation. Data uncertainty and the
attainment of a high net present value is therefore regarded as
Important. This situation is characterised by the weighting factors
shown in Table 44.
Table 44: Values Applied in Weighting Coefficients
Weighting coefficient Value
Net present value NPVT•o (aNPV) 0,30
Relative net present value (aNPVrel) 0,05
Data uncertainty (aOat) 0,60
AmortlS8tlon duration (aAmort) 0,05
In this case, the ultimate decision depends on the attitude towards risk
of the decision maker (Table 45 and Graph 9). In the case of data
uncertainty with risk aversion, alternative B is shown to be more
advantageous. A chance in data uncertainty (consideration with risk
acceptance), however, advances alternative A as being more
profitable. The subjective attitude towards risk is thus the decisive
factor.
Table 45: Ranking of Investment Alternatives A and B
for Risk-aversion and Risk-acceptance (Values in Brackets)
Net pteaent velue Relative net lWesent Data uncertainty Amortisation duration
value
OOfm. norm, norm. norm. norm. norm. norm. norm.
value value value value value value value value Sum Renking
·weight ·weight ·weight ·weight
Ahemative A 0.91 0.237 1.0 0.05 0.76 0,456 1.0 0.05 0.829 2
(1.0) (0.6) (0.973) (1)
Alternative B 1.0 0.30 0.0 0.0 1.0 0.60 0.0 0.0 0.9 1
(0.76) (0,456) (O.7561 (2)
Table 46: v....... AppIecIIn Weighting Coefficients:
....
U1
o
W.oahtinll coeffident v.....
...IDt_I ...... Cu..... I 0.3
......,,,,. ftet Dt_' ..._ la··- I 0.06
0.,. unc:.-t....'Y Ia- I o.e
AMOIf_llIllt\ dUUbOl\ 10..__ I 0.06
Graph 9: Final Evaluation of Profitability 0
A lternat ive A - Alternative B
proiec
Profitability is mainly influenced by the attitude of the
decision maker towards risk (data uncertainty).
The advantage of alternative 8 due to the higher net
present value is compensated by the disadvantage of
alternative 8 due to the lower relative net present
alue and the amortisation duration.
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2.12. Summary of the advantages of the Multifact model
The advantages of the Multifact model compared to the more
traditional single criterion models can be summarised as follows:
1. Operational Inclusion of datauncertainty.
In the Multifact model, data uncertainty Is not considered as an
unsubstantiated positive or negative margin of safety. Market
uncsrt61nty as well as the project related employ,. qU6nflc6tlon find
their way Individually Into the calculation. The effects of these factors
on the final result are obvious at any time.
2. Decision making by means of a multiple-criterion goal system.
The net present value, the relative net present value, the amortisation
duration, and data uncertainty are simultaneously considered as criteria
In the decision making process. They are, however, not applied as
Isolated variables as is the case in the single criterion models.
3. Possibility of the variation of the value of the weighting
coefflelents.
The liberty to alter the values of the weighting coefficients is Indicative
of the sensitivity of the project to certain environmental conditions. It
was observed throughout the evaluation process that the ultimate
result varies significantly as far as profitability Is concerned. The values
of the weighting coefficients play a decisive role In the evaluation
process.
4. Increase In the transparency of the result.
In the Multifact model, the result is not a value which has been
determined anonymously and Is thus not susceptible to modification.
All the parameters and their contributions to the ultimate result are
fully visible throughout the process. Such transparency Is Important,
especially as far as the continuation of the Investigation Is concerned.
The results of the Investigation are fully comprehensible to all the
decision making bodies, l.e. all hierarchical levels. Everyone Is therefore
aware of the merits and qualifications of the decision taken.
2.13.
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Evaluation of the Multifact model as a tool for
concrete investment decision making
The objective of this section is mainly to summarise some of the
experiences observed during the use of the Multifact model. The model
lends itself well for the Investigation of large· scale enterprises.
A team comprising the following experts was used for the praxls-test
of the Multifact model: Two production planners, one controller, one
production representative, one logistics expert and one purchaser. All
the areas of responsibility Involved in the Investment project were thus
represented in the decision making process.
Although the results obtained in the testing of the Multlfact model
were very positive, some Initial difficulties were experienced. The
reasons for such difficulties are discussed In the following sub-
paragraphs.
2.13.1. Lack of basic economic knowledge
The economic knowledge of the persons involved in the evaluation was
generally found to be rather below the norm required by the
investigation. The functionaries involved were aware, from their
involvement in previous projects, that a certain minimum profitability
was required. They were, however, not fully acquainted with the
technique used to determine the profitability of the project and Its
economic significance.
Blohm/Luder (Blohm/luder, 1983: 47; Dean, 1954: 126) stated that
the attitude and motivation of members of the decision making bodies
are important, especially In Identifying weaknesses In the data and the
processes applied in coming to a decision. In the opinion of
Blohm/Luder, which corresponds with the Initial experiences of this
study group In their experimentation with the Multlfact model, the
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following observations apply to the contemporary investment scene,
especially as far as motivation and attitude are concerned.
There is, primarily the general remark that investment decisions have
always in the past been done along conventional lines. It is also
generally believed that investment evaluations can never be exact. The
details of the calculation process are therefore regarded as relatively
unimportant, and the sources of Information as not of major
consequence. There Is also the general belief that tho results of the
Investigation are manipulated until It suits the wishes of management.
Finally the argument Is almost always advanced that personnel with
the expertise to handle Instruments of the nature of the Multlfact
model are not readily available.
These attitudes are not rare In Investment circles. Investment projects
are Invariably planned and Implemented by people with a technical
background. In their education programme, be It a trade or university,
the Imparting of fundamental economic knowledge Is seldom
compulsory. The ultimate objective, namely profitability, Is therefore
often In the hands of people not versed In economics. This is especially
the case in the Industrial countries other than Japan with their non-
integrated investment planning team.
In other areas of competency, employees are usually well-trained for
jobs. Courses In time analysis such as MTM35 or computer courses
such as CAD311 or PC-Software come to mind. Examinations have to be
written in most of these courses to protect professional standards.
35
36
MTM Is the abbreviation for Methods 11me Mellurement. The development
of MTM WII staned In 1940 mainly by Maynard. Schwab and Stegemenen.
The first publication appeared In 1948 In the USA. This method is used for
work time study. It breaks a work procell up In .mall work'unlts and
evaluales the lime required for therelevant work-unit.
CAD il lhe abbreviation for Computer Aided Dellgn. The design of new panl
II not done onpaper but on a computer having the required aoftware.
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The upgrading of fundamental economic knowledge within the
corporation is seldom a priority. This state of affairs would seem to be
totally inappropriate considering the growing volatility and instability of
exchange rates, interest rates, and markets, and the speed of which
technological innovation is advancing.
The lack of homogeneity and motivation in the European and North
American industry, especially as far as Investment decision making is
concerned, Is probably more responsible than anything else for the
haphazard manner in which investment phenomena Is approached. The
result of this state of affairs Is a state of tooling and technological
upgrading which can no longer compete with the countries of Asia,
where homogeneity and motivation of the Investment team are highly
regarded.
2.13.2. Identification of the uncertainty factors
The identification of market uncertainty presented the team with few
problems. This was mainly the result of the fact that use could be
made of internal corporation forecasts.
The opposite was true of the employee qualification. Discussions of the
uncertainty relating to this aspect tended to become bogged down on
an emotional rather than a factual level.
It was quite obvious that the functionaries involved did not see the
employee qualification as being In Itself an Important Instrument In the
evaluation process. Their main concern was to appraise the employee
In his personal capacity. The Impression of the employees that the
evaluation of the employee qualification could be improved by certainty
estimations proved to be the next hurdle. An optimal collection of the
data required for decision making was replaced by the estimation of
certainty or lack of It.
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After discussion of the origins of the concept employee qualification. it
was realised that the concept does not infer data excesses. but aims at
establishing the uncertainty inherent in the data as accurately as
possible. The competitive spirit involved in obtaining a high mark for
employee qualification was soon Infused into the functionaries
concerned.
A decisive advantage of the Multifact model IIlustratod itself at this
point. The employees became aware that the quality of the data input
had a direct effoct on the result. the main offect being that the
contribution of the employee is being quantified. It is no longer
concealed In the ultimate eveluatton",
The assessment of the employee qualification domands a high degree
of objectivity from the superior body doing the assessment. In such
assessment a general impression of the employeo's ability may not be
referred to. but only that part of his ability which Is of relevance for
the project38,39. In the European and American environment, however,
the team consists only of employees working sporadically for the team
whenever their Input Is required. The team leader does not have the
opportunity to get to know the employee's ability In more detail. Thus
the risk of an assessment of the employee qualification based on a
general and probably superficial impression is quite high.
37
38
39
Even If this were the only positive effect of the Multifact model, namely that
the employee would be encouraged towards better data assessment, the
model would have accomplished something worthwhile.
t.e. an employee who comes to work late every day and II therefore
considered unreliable. needs not be unreliable when dealing with Inveltment
data.
An employee who has just been transferred to • new department wilt surely
not have a good employee Qualification In hll new job. Thil doel not mean
that he has suddenly become a bad employee. He has just not yet become
familiar with his new talk and this hal to be uken Into consideration In
employoe QualificDtlon.
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The following normalisation (Lattmann, 1975: 49·51; Mungenast,
1990: 66·791, shown in Table 47, was done with a view to asses the
employee qualification in an ordinal manner:
Table 47: Scaling of Employee Qualification
Employee qualification Scaling (aEm)
Ideal 1,0
excellent 0,9
good 0,8
satisfactory 0,7
poor 0,6
not adequate 0,6
A classification below aEm < 0,5 was not considered as it was felt that
such an employee could not be entrusted with such a critical function.
2.13.3. Determination of the criteria coefficients affecting
the final decision
In the operation of the Multlfact model, It was assumed that
management has assessed the weights of the net present value, the
relative net present value, the amortisation duration, and data
uncertainty, in the ultimate evaluation, In order to assure that within
the overall strategy such weights are used in all projects. It Is, of
course assumed that there Is only one ultimate objective, namely that
each and every business enterprise strives mainly for profit
maximisation [Schneider, 1980: 53·54). It Is for this reason that the
decision making criterion net present value will always play an
Important role In Investment decision making. Deviations from this
consideration are only likely In some specialised cases such as rosoarch
and technological Innovation.
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The Multifact model, especially as a result of the weighting procedure,
proves itself to be useful for the evaluation of the sensitivity of the
project towards certain criteria. The decision to proceed with the
investigation and/or to Incur additional expenditure can be decided at a
fairly early stage with the assistance of such sensitivity probing.
Early indications of the direction in which further work should be done
corresponds not only fully with the economic principle to use the
scarce resources of the firm as rationally as possible, but the
concentration of such resources on the more critical aspects of the
study is obviously good business. Not only will it avoid misuse of
resources, but the bettor results obtained by focusing such resources
on priority areas is obviously going to result in an investment project of
a better quality.
3. Summary
The objective of this chapter was to compile a workable investment
decision making model that would lend itself more readily to everyday
use in the business environment. Such a model must not abstract from
data uncertainty. It must also be capable of multiple goal setting.
The main consideration was to close the gap between theory and
practice. On the scientific-theoretical side, increasingly complex and
Integrated optimisation investment decision making models are being
developed in the field of Operations Research. In practice however,
even the most simple financial·mathematlcal Investment models are not
freely applied In the business world.
The development of the Multlfact model was divided Into two sections.
In the first section the implications of data uncertainty for the
calculation of the net present value were considered. In the second
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section consideration was given to the incorporation of several criteria
for the making of the final decision.
The origin of Individual uncertainty, which is an attribute of all objects,
raises many complex questions. The phenomenon of uncertainty as far
as the individual Investment Is concorned, has two roots. The first one
is the degree of accuracy or not of the values predicted, relative to the
values that will eventually matarialise, namely mltket uncert6lnty. The
second source of uncertainty Is the quality of the decision makers
Judgement of the quality of the employee responsible for such
compilation, which is referred to as the 8mploY86 qU6l1flc6tlon.
The separation of the data uncertainty Into two separate concepts,
namely market uncertainty and employee qualification Is, from a
mathematical point of view not necessary. From an economic point of
view, however, the separation Is essential as It deals with two factors,
each of which affect the accuracy of the prediction. In practice these
values are often determined by a group of people, I.e. by a committee.
The employee's estimation of market uncertainty Is mainly based on his
experience In the work place. The ultimate decision maker is often In
the position that he cannot do otherwise but to express his confidence
in the employee's specialised knowledge. On the one extreme the
employer may have full confidence in the capability of his employee.
He may therefore assume that the qualification of the employee is such
that the uncertainty as far as this aspect is concerned is zero, t.e. the
ideal case of complete confidence in the ability of the employee. The
other extreme may however, present itself, namely, that the employer
may have so little faith in the judgement of the employee that he
regards his involvement as adding to the degree of uncertainty.
Should the superior body have major reservations about the accuracy
of the data compiled by the employee the data will have to be analysed
and modified in detail. The following case must be avoided: Consider
an employee who compiles data Inaccurately. To rectify this Inaccuracy
he incorporates In his calculation a correspondingly high market
uncertainty factor. The superior body Is aware of the Inaccuracy of the
160
data and has strong reservations about the employee's Qualification.
The data concerned, is corrected by the application of a largo employoe
qualification factor. This will result in a picture not representative of
the true facts of the project.
It is also important to be on the lookout for an Inborn tendency to
assume that projections Into the future are normally expensive, and
that such cost should be kept within narrowly defined margins even If
accuracy Is sacrificed. The costs Inherent In a decision are, on the one
hand, the price that must be paid to obtain a more exact forecast, and,
on the other hand, the costs that will be saved by having a more
accurate view of the future. Optimal forecast accuracy Is obtained
when the Increase In marginal utility equals the Increase In the marginal
expenditure to achieve a more reliable forecast.
The use of different scenarios, flexible planning, and projections based
on careful calculations, have been advanced by some authorities as
solutions to the problem of market uncertainty. The use of scenarios to
Identify the effects of different sets of market, technological, and
financial parameters, have definite advantages but also serious
limitations.
The process of flexible planning extends beyond simple prediction, I.e.
the Inclusion of data uncertainty in projections about the future. The
actions that exist at the beginning of the planning period when the
environmental conditions are known, are determined conclusively. A
system of contingent plans Is drawn up for all subsequent situations
that may materialise. Decisions relating to future actions are co-
ordlnated with decisions relating to present actions. The uncertainty of
future environmental developments are considered In such a way that
contingent plans are made for all foreseeable environmental
developments.
Investigations Into tho various investment decision making models
found that investment decision making Is mainly based on the net
pf8ssnt tI~/us, the IImon/ut/on du'~tlon, the InVtlstmsnt outlay. and
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the rislc involved in the investment. It was also found that in those
casus whoro more than one criterion were employod. there was no
mathematical link between such criteria. The results obtained by each
of the crltena, t.e, the net present value. year of emorttsauon and
ethers, wero therefore considored separatelv.
In the Multifoct model, however. the net present value. the relative net
present voluo. tho amortisation duration and dato uncertainty ore
simultaneously conslderod 8S critorla In the decision making process. A
wolghtlng procedure outlines how much the respoctlvo renklng crlterlo
(portlol utility voluos) should Influonce the flnol result.
Liberty to oltor tho voluos of the weighting coottlclents Is Indicative of
the sensitivity of the project to cortoln environmental conditions. It wos
observed throughout the evoluotlon process that the ultimate result
varies significantly as for as profitability Is concorned. The values of
the weighting coefficients ploy a decisive role In the evaluation
process.
Knowledgo of tho range of applicability of an Invostmont modol is tho
basis for its application. One has to accept that each model can only
cover a cortaln problem aroa. Boyond the defined application area it
cannot result in a sound decision. The Multifact model is based on the
following two promises, namely, that puro economic criteria such as
the net present value, the relative net present value, the amortisation
duration and data uncertainty oro of prime imparlance. secondly, that
the prolects under investigation are firmly based on considerations to
improve tho firm's profitability and not on logal demands, i.a.
environmental protection or work safety.
As far as the first premise is concorned, It should be noted that not all
Invostment projects are evaluated In pure economical torms. Thore may
be a whole string of additional factors affecting the decision, I.a.
stratagic or social considerations. Such factors may rasult In 8 revision
of tho ranking of Invostment projocts. This however, doos not changa
tho foct thot tho docislon makor may derlvo groat help from tho
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quantification of the merits of an investment project. He is now also in
a position to introduce additional decision making criteria, l.e. tho
number of competitors offering a similar product. capital introduced
from outside sources, and others.
The weights given to the individual criteria are based on the relevance
of the situation and the respective initial conditions, t.e. the
preferences of the decision maker.
In the Multlfact model, the result is not a value which has been
determined anonymously and Is thus not susceptible to modification.
All the parameters and their contributions to the ultimate result are
fully visible throughout the process of decision making. Such
transparency Is Important, especially as far as the continuation of the
Investigation is concerned. The results of the Investigation are
therefore fully comprehensible to all the decision making bodies, l.e. all
hierarchical levels. Everyone Is thus aware of the merits and
qualifications of the decision taken.
In practical applications of Multlfact it was found that the economic
knowledge of the persons involved in the evaluation process was
generally below the norm required by the investigation. The
functionaries involved were aware, as a result of their involvement In
previous projects. that a minimum profitability was required. They
were, however, not fully acquainted with the technique used to
determine the profitability of the project and its economic significance.
There is, primarily the general remark that investment decisions have
always in the past been done along conventional lines. It is also
generally believed that investment evaluations can never be exact. The
details of the calculation process are therefore regarded as relatively
unimportant, and the sources of information as not of major
consequence. There is also the general belief that the results of the
investigation should be manipulated until it suits the wishes of
management. The argument is almost always advanced that personnel
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with the expertise to handle instruments of the nature of the Multifact
model are not readily available.
These attitudes are not rare in investment circles. Investment projects
are invariably planned and implemented by people with a technical
background. In their education programme, be it a trade or university,
the imparting of fundamental economic knowledge is seldom
compulsory. The ultimate objective, namely the profitability of a
project, is therefore often in the hands of people not versed in
economics. The upgrading of economic knowledge is seldom a priority.
This state of affairs would seem to be inappropriate considering the
growing volatility and Instability of exchange rates, interest rates, and
the speed at which technological Innovation Is advancing.
In the discussion of the origins of the concept employee qualification, it
was realised that the concept does not Infer data excesses, but aims at
establishing the uncertainty inherent In the data as accurately as
possible. The competitive spirit Involved in obtaining a high mark for
employee qualification was soon Infused into the functionaries
concerned. The employees became aware of the fact that the quality
of the data Input had an immediate effect on the evaluation of the
project. The quantification of the employee qualification was therefore
important, especially in so far as it was no longer concealed in the
ultimate evaluation of the project.
The assessment of the employee qualification demands a high degree
of objectivity from the superior body doing the assessment. In such
assessment a general impression of the employee'S ability may not be
referred to, but only that part of his ability which Is of relevance for
the project. A project team In Japanese Industry Is permanently
together and under the supervision of the so-called shusa, the team
leader. It is therefore possible for the team leader to have an intimate
knowledge of an employee's ability. In the European/American
environment, however, the team consists of employees working
sporadically for the team. The team leader is therefore seldom in the
position to know the employee's ability In detail. The risk of an
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assessment of the employee qualification based on a general and
probably superficial impression is thus quite high.
·····00000·····
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Chapter V
Investment Decision Making in an Integrated Global Market
driven by Rapidly Advancing Technology
1• Introduction
The objective of this chapter Is to view the results of the previous
chapters as far as Investment decision making is concerned, against
the requirements of an integrated global market. The problems for the
investment decision maker brought about by the dynamics of the
global market, will be discussed from a pragmatic business point of
view. The suitability of the existing models for Investment decision
making, in the confines of a global market with its rapidly changing
technologies and consumer whims, will however, only be examined
superficially, i.e., against some of the major changes which would
seem to be obvious.
The discussion of the theory of Investment decision making models In
chapter II showed that the commonly used models are only valid under
certain conditions, I.e. that such models have no overall validity. This is
also true of the Investment decision making model Multifact which was
developed in chapter IV. It simply cannot deal with all kinds of
investment decision making problems in one shot. The validity of
Multifact is restricted to those fields of Investment known for their
short production cycles, I.e. high rates of technological obsolescence.
These are mainly the high-tech Industries which are becoming more
and more capital Intensive by the day. Financing such projects Is
becoming more and more of a problem considering the increase In
scale, the narrow profit margins, and the continuous shortening of the
recoupment period. Investment decision making in the low-tech or no-
toch industries Is much less complicated than is tho case in the high·
tech Industries. The investment decision making problems of the high-
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tech industries only will be considered in this chapter because of their
implicntions for decision making.
2. Shortcomings of the neo-classical investment decision
making theory as a result of the rapldlv changing
technologies in 8 global market
Tho neo-classlcallnvestment decision making models were investigated
from a theoretical point of view In chapter II and a practical point of
view in chapter III. The theoretical as well as the practical investigation
showed that these models are only appropriate In a few simple cases
which do not reflect the circumstances of contemporary business life.
The main shortcomings are the assumptions, firstly, that the markets
will behave linearly, secondly, that the risk Inherent In each investment
plays a relatively minor role, and thirdly, that Investment decision
making problems can be characterised as mono-variable problems. The
neo-classical investment decision making models assume that the
market Is always In a state of general equilibrium.
These obvious shortcomings were the starting point for the
development of an improved Investment decision making model,
namely Multifact, in chapter IV. This model pays more attention to
characteristics of the rapidly advancing technologies of the global
business world. The Multifact model is mainly based on three basic
Ideas, namely, firstly, the fact that the nature of investments in the
global market with its rapidly changing technologies and consumer
whims requires a decision making model which is based on more than
a single Input variable, secondly, that the ultimate decision maker
should be In the position to reconstruct the impact of the different
variables, and thirdly, that the risk Inherent in each invostment project
should be considered explicltlv.
The risk element inherent in Investment decision making was split Into
two main categories. The first category has its origin mainly In tho fact
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that the prospective behaviour of the contemporary market cannot be
foroseen with any degree of certainty. Prospectivo sales, profitability
and interest rates are almost always difficult to forecast, even over the
short term. The second risk category has its origin mainly in the ability
and personal attributes of the functionary or functionaries compiling
the data for use by the person or persons responsible for, initially, the
investigation, and ultimately, the taking of the investment decision.
Uncertainty as a function of the market, and uncertainty as a function
of the ability and personal attributes of the employees of the
organisation were therefore examined. One of the main objectives of
Multifact was to reduce the risk of sub-optimal investment decision
making.
Proposals to improve the Investment decision making models presently
applied, were mainly directed at the assumption that the prospective
behaviour of markets will not differ significantly from the historical
pattern. The assumption that the degree of uncertainty emanating from
the market will therefore remain at more or less the levels of the past,
namely, an uncertainty with at least some predictable or foreseeable
characteristics, would not seem to be tenable in the contemporary
global market serving the high-tech industries. Such behaviour should
be taken into consideration in the investment decision making process.
It is therefore, a characteristic of the contemporary business world,
especially the global market driven by rapidly advancing technology,
that the prospective behaviour of some markets are almost non
foreseeable. Being in the right product at the right time Is therefore
mainly seen as a matter of luck. Such luck may be regarded as the
result of some kind of intuitive knowledge identified by Schum peter as
entrepreneurial sustenance (Waldrop, 1992: 461. It can, however,
never be the result of a scientific investigation of the market.
Proposals for mathematical formulae which will assist economists In
their endeavours to predict future market behaviours are continuously
being advanced. Such formulae, however, take it for granted that
markets will develop In a linear way. It Is, however, evident that many
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phenomena observed in nature and the market place behave in a non-
linear manner. Millions of individual decisions to buy or not to buy may
reinforce each other, creating a boom or a recession. Except for the
very simplest physical systems, virtually everything and everybody in
the world is caught up in a vast, non-linear web of incentives,
constraints and connections. The slightest change in one particular
place may cause tremors everywhere else. It Is therefore becoming
more and more obvious that the existing neo-classical economic
theory, and computer models based on It, simply cannot furnish the
kind of Information needed to make decisions In a world market which
is becoming more unstable and volatile.
Recently more and more computer programs, based on complex
mathematics and thousands of variables and equations, have been
advanced to cope with the pulsating behaviour of complex market
places such as the stock exchanges and currency markets. None of
these models, however, deals effectively with autonomous factors
entering the market place In the form of soclo-economlc decisions by
many governmental Institutions. Such inputs often create major upsets
in the market place. Most of these models assume that economists
would feed Interest rates, currency exchange rates, and other volatile
variables Into the models by hand - even though such variables are
precisely the variables that economists want to predict. Almost every
economic model used today assumes that the market Is never far
removed from static economic equilibrium, when In fact the market Is
constantly being shaken by economic shocks and upheavals of an
autonomous nature (Waldrop, 1992: 93-94J. The existence of a state
of equilibrium, however, demands a certain kind of end-point In the
evolution of the svstern. The fact that the global market place is
becoming more and more removed from a state of affairs remotely
approaching equilibrium is becoming more and more obvious.
Economics, as It Is usually practised, operotes in a purely deductive
mode. Every economic situation is immediately being translated Into a
mathematical exercise, which economists try to solve by rigorous,
analytical reasoning (Waldrop, 1992: 253J. The real business world is,
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however, increasingly characterised by problems which are not well
defined. This is also true of the environment in which businessmen
finds themselves. The contemporary global market is more and more
characterised by a state of flux without any sign of there being a state
of equilibrium at all,
Brian Arthur of Stanford University was asked by a physicist why
economists seem to be unable to formulate a model that would
describe the behaviour of the business world correctly (Waldrop, 1992:
141): "Isn't economics a good deal simpler than physics 7" "Well,"
Arthur replied, "In one sense It is. We call our particles "agents" •
banks, firms, consumers, etc.. And those agents react to other agents,
just as particles react to other particles." "However," he added, "there
is one difference: our particles In economics are individuals. In physics,
an elementary particle has no past, no experience, no goals, no hopes
or fears about the future. It just Is, That is why physicists can talk so
freely about "universal laws"; their particles respond to forces blindly,
with absolute obedience. But In economics our particles have to think
ahead, and try to figure out how other particles might react if they
were to undertake certain actions. And regardless of how you model
that, that's what makes economics truly difficult."
One could therefore argue that not one Investment decision making
model will ever be capable of reflecting the real decision making
problem precisely. While it is difficult to refute this train of thinking, It
would be even more futile not to endeavour to formulate more realistic
Investment decision making models. It is obvious that no effort should
be spared to develop new models, to test them under conditions of the
real business world, and to improve them time and again. Knowing that
the point of equilibrium will never be reached, the objective should be
to come step by step as close as possible to investment decision
making models that would describe the real market situation with an
acceptable degree of accuracy.
It is, therefore, obvious, that even with the aid of an advanced
investment decision making model such as Multifact, only thoso
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uncertainties which are predictable can be taken into consideration in
the decision making process. It would, however, not be realistic to turn
a blind eye to the absolutely non-foreseeable uncertainties driven by
technological innovation of a kind that cannot be foreseon at all by the
investment decision maker. It is of course almost impossible to take
precautions against futuristic events which cannot be foreseen. Some
of these events will, however, be referred to in this dissertation if only
to identify tho limitations of the Multifact model.
2.1. Imponderables which are changing the face of the
contemporary business worfd
In making investment decisions In the contemporary business world, it
is assumed that the behaviour of the market follows a more or less
linear course. Although hiccups in the form of cyclical deviations and
other structural changes could distort the linear pattern from time to
time, fact is that the market would return to equilibrium in no time.
This assumption was shown above as no longer realistic. The decision
maker is, however, faced with the fact that not one of the investment
decision making models available, can handle the kind of
unpredictability discussed above. The decision maker therefore has to
rely mainly on hisgut feeling as far as the future is concerned.
In the 40 years following the Second World War, the investment
decision making procedure, based on static and/or linear models plus
gut feeling, worked quite well. The advent of the global market
changed this world rather fundamentally. Even if the expected
profitability did not materialise as foreseen, it was only In the rarest of
cases necessary to stop a project because of non·profitability. The
booming markots and limited competition, especially in America,
Europe and Asia, were more or less a guarantee as far as profitability
was concerned. Customers were not very critical because of their
knowledge of the hard times of the depression of the thinies and the
war years and the long adjustmont period since tho war.
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In the meantime, however, the market changed from a producer to a
consumer controlled market. Investment decision making with the aid
of models, which were fast becoming obsolete, supported by gut
feeling were no longer suitable for the occasion. Not meeting the
demands of customers was regarded as the beginning of the end of an
enterprise. Enterprises who failed to acquaint themselves with the
advent of new technologies and the whims of the consumer were on
their way to Insolvency.
A few of these cases will be discussed In the following pages.
2.2. Failure as 8 result of a continuous decline in the length of
the product life cycle
The life cycle of a product Is determined by Its utility to the consumer.
Utility to the consumer, however, Is a combination of an objective
utility and a subjective utility. The objective utility is derived from the
roal quality or function of the product, I.e. the function of a wristwatch
is to give information with regard to time. Subjective utility on the
other hand is the secondary quality of the product, i.e. a wristwatch Is
also seen by the consumer as a fashion good. The objective utility is
normally not as critical a consideration as the subjective utility as far as
the life cycle of a product is concerned. The SUbjective utility of a
product has become a major consideration in the evaluation of the
riskiness of a prospective investment, especially in those cases where
fashion is of great importance. Products are becoming obsolete
increasingly, even in those cases where substitutes are not readily
available.
The wristwatch Industry Is an example of the Importance of subjective
utility as a factor of increasing significance in the determination of the
riskiness of Investments. The wristwatch was for decades considered
merely as a time piece. Small changes In design and technology hardly
influenced consumer demand. Investment decisions relstlng to the
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launching of a successor watch were based on market expectations
which were relatively stable. Products from Dugena, Junghans and
Tissot controlled most of the market. The advent of the electronic
clockwork mechanism changed tho situation not only overnight, but
also fundamentally as far as the subjective utility of a watch is
concerned. The prices of electronic watches dropped sharply as a
result of the less complicated mechanism and the introduction of mass
production technology. The long-established manufacturers of
wristwatches were spoilt by a wristwatch market caught In the webs
of tradition. Within a few years, most of them disappeared from the
market. New suppliers such as Swatch and Benneton flooded the
market with a totally new marketing concept, namely low priced,
colourful and fancy wristwatches.
The concept of wristwatches changed fundamentally within the time
span of about ten years from a watch being a time piece to It being a
fancy article and a throwaway. The latter is not surprising if one takes
Into consideration that changing a battery for a wristwatch costs about
20 to 30 per cent of the price of a replacement which may satisfy the
subjective utility more fully.
The main risk faced by the contemporary wristwatch Industry has Its
origin in the fact that customers are now more inclined to consider the
purchase of a watch from a subjective utility point of view.
Manufacturers are now compelled to produce watches in short time
cycles in order to serve the whims of the consumer more fully. The
consequence is not only capital assets with a short product life, and
therefore a relatively short time to recoup the investment, but a totally
different risk profile. Brand loyalty is obviously no longer an asset.
A similar situation presents Itself in the product categories where the
consumer is addicted to the latest technology. Compare the industry
for photographic equipment, especially camcorders. The commercial
camcorder industry was born approximately 10 years ago, first in
Japan and a few years later in Europe. The overlop between
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camcorders and cine cameras was of a very short duration. The cine
camera vanished in almost no time from the market.
The rapid development of microelectronics made it possible to equip
camcorders with features in excess of what the consumer require.
Customers are irrationally keen to replace old generation camcorders
with the latest generation. This leads to the same situation as
described under wristwatches. Successor models of camcorders are
often launched only one to two years after the launch of the
predecessor. The risk of launching a product which does not meet the
demand of the customer or which runs the risk of being made obsolete
by the competitor is a complicating factor. To stay abreast in such a
business environment requires being two steps ahead of the
competitor.
The phenomenon of rapidly changing consumer demand was strongly
supported by the whole economic development process since the
Second World War. A large percentage of the population in Japan, the
USA, Canada, Britain and the other European countries, was soon after
the war, in a position of relative wealth. This enabled them to spend
more and more on goods such as photographic, hi-fi and other
consumer goods. Such goods were previously regarded by the
consumer as luxuries.
2.3. Rapid replacement of obsolete technologies
One of the key issues in the forecasting of future market trends relates
to knowledge of potential technological developments and the research
and development required to make such technology available to the
consumer. The lack of certainty about the outcome of such
forecasting, which relates not only to the response of the consumer to
the technology, but also to the competition, Is obviously 8 factor which
cannot readily be gauged even by the most painstaking research.
Having the right product at the right time In the right place is at best 8
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risky business. The dire consequences of investment in descending
technologies have been recorded many times.
The German firm Dual was one of the market leaders in the record
player field. Dual did not react to the appearance of the first compact
disk player at the end of the seventies by adopting an investment
strategy to cope with the new technology. In fact it Invested heavily to
upgrade its existing record player technology. Its customers were,
however, within a very short time convinced that the compact disk
technology was worthwhile. Dual did survive for a while In a specialist
niche producing expensive high precision record players. In the middle
of the eighties Dual disappeared from the morket. About two years ego
the German record playing Industry stopped producing records.
The uncertainty involved resembles a risk category that can only be
typified as being not susceptible to ony form of control. The
implications for profit forecasting are obvious.
The German television, photo and hi·fl industry as a whole made the
same investment mistakes In the seventies and eighties. The market
for such goods is today almost completely in the hands of the
Japanese.
Analysis of the reasons for the success of the Japanese industry as the
trend-setter in home entertainment equipment leads to one conclusion
only, namely, the difference in efficiency of Investment decision
making in the Japanese and German industries. The Japanese do not
have access to better technology, they just react more quickly to such
technology. Implementation of such technology is also more efficient.
The result is afton that the Japanese start to markot the Improved
second generation of the product while their competitors In the USA
and the European countries still fiddle with the first generation. The
reason being the more effective communication and co-operation In
Japanose industry which enables thom to develop and launch new
products In a much shorter timo.
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Not one of the new television, photo or hi-fi products based on high-
tech electronics reached the domestic German and American market as
a brand-new invention. The German and American industry worked on
the same products but obviously in a loss efficient way. Tho
development of video recorder technology was initiated in German
companies. Thoy, however, did not combine their development
expertise efficiently. Ultimately three different non-compatible video
systems, namely, VHS, Video 2000 and Beta were offered on the
market. The Japanese industry, however, researched the advantages
and disadvantages of tho different systems diligently and perfected the
new technology In the VHS system. The German Industry wasted Its
time, capacity and money in domestic squabbles about the quality and
merits of the three systems.
2.4. Shrinking profit margins 8S a result of growing global
competition
Up to the mid-sixties competition was mainly restricted to the
traditional markets. The risk inherent in the making of an investment
decision was mainly the result of the impossibility to forecast the
future cash-flows with any degree of certainty. Most of the market
outcome nowadays is determined by global competition. This leads to
a totally new situation as far as the origin of uncertainty is concerned.
The impossibility of forecasting future cash flows and the selling price,
are the main contributors to uncertainty. Uncertainty under conditions
of global competition is a very complex phenomenon. Cash flows for
instance are subject to the exchange rates of foreign currencies,
foreign taxation systems, import and export duties, and the legal
requirements of other countries. Most of these factors cannot be
influenced directly. Some of them are specifically designed to protect
domestic industry against foreign competition.
The shrinking profit margins as a result of the growing global
competition, should be viewed against the relatively high real cost of
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finance. The need to scrutinise investment proposals more and more
carefully is obvious.
Global industry links require sound political relations between nations.
Such political relations, however, do not minimise the uncertainty
emanating from the market. Investment decision making is only in a
few cases affected by international negotiations.
2.5. Growing capital intensity of high-tech products
The substitution of manual-mechanical control by the micro-chip was
the beginning of a major advance In the mode of production and the
utilisation of capital and expertise In the production process. The
replacement of mechanical components by electronic components
resulted In lowerproduction costs and lower seiling prices. The income
effects of this development enable the consumer to spend significantly
more on high-tech products, which were previously not within his
reach.
The rapid rate of innovation of new technologies compelled the
entrepreneurs to Invest more and more in expensive equipment and
retraining in order to compete successfully in the market place. The
risk factor Increased therefore not only as a result of the shorter
product cycle and the behaviour of competitors, but also on account of
the significantly larger capital investment involved.
A typical example of such a development is evident in auto repair
shops. From the Invention of the car more or less a contury ago until
the mid seventies, the equipment and tools required In a car repair
shop did not chango significantly. A hoist for work beneath tho car, a
set of spanners and a fow other simple, Inexpensive tools were
sufficient to repair most cars. Thus, each little village hod its own car
repair shop.
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Tho replacement of electric components by high-performance
electronic components compelled repair shops to invest heavily in
elecuonicnlly controlled testing equipment. Innovations in the
electronic field. however, mode it necessary to replace or upgrade such
equipment continuously. The cash inflow from car servicing did not
increase accordingly because the time required for servicing decreased
significantly. The advent of electronic diagnostic programmes
terminated the dependence on workers with years of experience. Most
of the minor repairs to cars do not warrant on Investment In expensive
electronic dlngnostlc programmos. The motorist is. however, not
satisfied with repair stotlons using the troditlonal manual diagnostic
procedures.
2.6. Uncertainty emanating from growing legal requirements
and social legislation
The growing importance of legislation to protect the interests of the
consumer, the environment, and the public in general often odds to the
risk involved In Investment, especially Investment having a long
duration. This phenomenon Is especially serious in First World countries
where environmental care Is regarded as a high priority. It is often
difficult to predict the importance or direction of such legislation.
In Germany nobody would have thought ten years ago that companies
would be compelled to sift their waste In plastic waste, metol waste
and paper waste. Nobody could foresee a few years ago that factories
would be compelled to Install expensive emission control devices, or
that factories would have to process their own waste water, or that
moterlals such as asbestos would be forbidden by low and hod to be
replaced by other more expensive materiols.
Such legislation contributed In most coses significantly to the
uncertainty factor. Ovor the lost ten years the overage weekly working
time of German workers was decreasod by logislation from 40
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hours/week in 1984 to 37 hours/week in 1994. Labour costs increased
by 40 per cent during this period.
Political developments in Germany, especially those relating to the
unification of the two Germanys, saddled German Industry with
additional tax and interest costs. Prior to tho unification of West and
East Germany, companies willing to built a factory close to the East
German border, and thus creating Jobs in this low-industrialised area,
rocelved investment aid In tho form of lower taxes for a period, the so-
called border rogion support measures. After unification the formor
border region was suddenly the centre of tho reconciled Germany. The
border region support measures, Inclusive of the lower tax rate, were
cancelled by the state government. The profitability of the Investment
projects Involved was affected heavily by such changes.
2.7. Risk emanating from the changing importance of labour
costs
The pre-microelectronics industry required a few specialists to develop
new products and many workers to produce them. The relatively low
man-power cost of blue-collar workers was one of the main
contributors to profitability. The advent of mlcro-electrontcs and the
computer since the early seventies changed products and the
production processes rather fundamentally. The assembly cost of many
products was heavily reduced by the replacement of a lot of small
mechanical parts with the time saving fitting of a single chip Into a
machine. The changes in the production process as a result of the
electronics and computer advent resulted in loss workers doing more
work. Manufacturing production in the USA rose by almost 40 per cent
during the period 1973 - 1985. Manufacturing employment decreased
at a constant rate over the whole period. There are now 5 million
fewer people employed in blue-collar work in American manufacturing
industry than there were In 1975 (Drucker, 1986: 6·71.
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Manufacturing industry in Britain declined over the last 25 years,
mainly because the number of blue-collar workors per unit of output
decreased more slowly than in the other developed countries. The
decline in the importance of labour in manufacturing is of great
significance considering the tendency of this factor of production to
cost more and more. Contemporary technology requires, however,
more and more people In the development and marketing of the output.
The shift from Industries which are primarily labour Intensive to
industries which are mainly knowledge intensive have far reaching
implications for Investmont decision making. The manufacturing costs
of the semiconductor microchip are about 70 per cent knowledge - that
is, research, development, and testing· and no more than 12 per cent
labour [Drucker, 19B6: 11). The replacement of manual labour In the
work place with capital should be viewed In proper perspective,
especially the perspective of people In countries such as Japan, South
Korea, and others more sensitive to such changes than the Americans
and the Europeans.
2.8. Risk emanating from the growing Importance of
environmental considerations
Until about the middle eighties it was high-fashion In Europe to wear
expensive fur coats. The more exotic the fur coat, I.e. tiger or leopard,
the better. During the last ten years, however, the situation has turned
around completely. Environmental and other considerations have turned
against such coats. Even exotic fur coats which have been worn for
many years are put aside. Wearing a fur coat Is considered as
participation In an agreement to kill protected animals. The Implications
for the European fur Industry were devastating. Many fur companies
and shops which did not foresee the changing consumer trend wont
bankrupt. Fur companies and shops which realised that the era of
animal fur coats was something of the past, and which transferred
their business to expensive clothes and accessories, managed to keep
their customers.
180
2.9. Growing importance of autonomous events on
investment decision making
Most of the factors, causing uncertainty in investment decision
making, referred to above, could be related and therefore foreseen, as
emanating from some dofinite cultural bohavlour patterns of the past.
This was seen in the working environments of the German/American
industry and the Japanese Industry which differ rather fundamentally
from each other.
There is, however, another problem which .Is caused by the
achievements of modern technology Itself, namelv the availability of
information. Modern computer technology and the world-wide linking
of computer networks, enable one to get more or less any desired
business related Information within seconds. Fact Is, however, that the
Information receiver, I.e. the decision maker, cannot process all the
available Information. This leads to the question: how much time and
money should be spend to get more and botter Information, l.e,
reducing data uncertainty? The decision maker Is therefore
conttnuouslv confronted with an insoluble problem, namely, the making
of a decision about the amount and nature of the Information required
for decision making. The first decision depends, however, on the
second one and vice versa. High information costs are cash-outflows
for the investment project under consideration. Such cash-outflows will
have to be absorbed in either the profitability of the project or the price
to the consumer. There is also the fact that the extra information will
not necessarily enable the decision maker to come to a more reliable
conclusion.
More and more cases are encountered where It Is almost Impossible to
predict the future with any degree of certainty. Contraceptives are an
example. Prior to the launching of the contraceptive pill on the world
market at the end of the fifties the condom was almost the only 100
per cent reliable contraceptive. Within a few years the contraceptive
pill forced the condom almost completely out of the market. Condom
production lines all over the world closed down. At the end of the
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seventies however, a new disease. namely Aids arose. It was soon
discovered that sexual intercourse was the major source of infection.
Up to now no remedy has been developed to cure this disease. The risk
of infection can only be reduced by the use of a condom during sexual
intercourse. As a result the condom industry is booming once more.
Another example is the bicycle Industry. After the Second World War
the bicycle presonted itself as one of the most common transport
vehicles because of its low price and low maintenance costs. The
growth of prosperity, however, enabled more and more people to buy
cars. The bicycle got the reputation of being a transport vehicle for
poor people. Less and less people bought bicycles and more and more
bicycle production lines had to close down.
About 10 to 15 years ago the bicycle was, however, rediscovered as
an instrument to improve physical fitness and enjoying one's leisure
time. The vehicle for the transport of poor people went through a
metamorphosis and is nowadays quite an expensive sport Instrument.
Bicycle prices of a few thousand Rand are not unusual and customers
are not reluctant to pay such prices.
2.10. Complexity of future market developments and
their implications for investment decision making
The growing complexity of the market place and the dynamics of its
variables, make it unlikely that the performance of forecasting models
will be improved to the extent where they could be used as reliable
tools by the investment decision maker. The structure and functioning
of the global economy will not become less complex. Its propellants,
namely technological Innovation and the whims of tho consumer, will
also not abate as time goes on. Consumers all over the world will have
more and more discretionary spending power at their disposal.
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The dynamics of the market place and its sensitivity to the whims of
the consumer and the demands of technology, will make the task of
the investor, especially the investor in manufacturing business, much
more complex than is presently the case. One of the reasons for the
growing concentration of assets, l.e. the ongoing monopolisation of
industry and commerce, is the need to buy security for the Investor.
Entry into a branch of industry characterised by the presence of strong
monopolic elements is less risky than entry Into a branch of Industry
populated by a number of Independent entrepreneurs.
The oligopollstic markets In particular, especially those characterised by
a strong price leader, are more stable as far as entry or the Introduction
of new technology Is concerned, than markets characterised by free
competition. The minimisation of risk by co-orclnated behaviour plays
an Increasing role In especially those branches of Industry known for
their capital Intensity and high rate of technological Innovation.
It has been argued above that general equilibrium as postulated by the
neo-classical economists would seem to apply less and less to the
contemporary market place. The variables that should be embedded In
investment decision making will have to be many more than had been
the case previously. New variables, which were not considered by the
neo-classical models, become more and more Important for the making
of investment decisions. These new variables are variables such as
joint development projects, legal and/or environmental restrictions, the
risk of investment loss due to industrial espionage, consumer whims,
availability of information and others. A few of them will be discussed
in the following pages. Contrary to the nee-classical models, Multifact,
being a multi criteria model, is designed to handle such variables.
The automotive Industry In particular Is known for Its eo-operative
attitude, which has become more noticeable in recent years. Those
features of a car which do not affect the image of a model, are
developed Jointly. These features include car radios, alrbags, tvres,
gear boxes, brake pads and others. Commonality Is an Important
feature of the Industry. Research and development costs of such
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components are shared. This practice has an important bearing on the
risk exposure of the industry as a whole.
The risk faced by the world's automotive industry is restricted mainly
to engine development. Each car rnenutacturer is presently involved in
the development of engines driven by alternative sources of power.
There are presently three systems, namely the electric motor, the
hydrogen engine and the hybrid concept, I.e. the combination of an
Internnl combustion engine and an electric motor In the same car.
These require large investments of a risky nature.
It is more than likely, as history has shown In many cases, that only
one of the three systems will survive In the lonq-term. The research
underlying the development of the three different concepts has many
favourable spin-offs such as the development of high performance
batteries and the more general use of hydrogen as a source of energy
in industry.
The negative aspect of this research, namely the possibility that a large
percentage of the different Investments will ultimately come to
nothing, will mainly be for the account of those Institutions and
investors backing the wrong horse. Compare the development of the
rotary engine by Felix Wankel in the fifties. The benefits of this
concept were obvious. There was, however, one weak link, namely the
proper sealing of the combustion chamber. During the years of
development of the rotary engine large sums were invested In gaskets
made of different materials. The rotary engine ultimately came to
nothing as a result of the failure to solve the sealing problem. The
gasket Industry, however, benefited greatly from the research and
development work Involved In trying to find a suitable sealer.
There would seem to no doubt that only one of the two alternatives,
namely the electric motor or the hydrogen engine, will be a sound
Investment. There Is, however, also the remote possibility that an
engine based on nuclear energy may be developed. The success of this
source of energy for the propulsion of craft has beon shown In
184
submarines and space craft. Such a development may have dire
consequences for the sub-industries involved. namely the oil
components, fuel pump and filters manufacturer, service stations and
others.
Functionaries responsible for investment decisions should have a wide
view of the Investment horizon. They should however, also be well
versed In the technical disciplines basic to the fields In which the
investment project features as well as the characteristics of the
consumer market Involved. The financial and legal requirements,
especially in the case of large Investments having environmental
effects, require specialist handling. The disciplines Involved should be
knitted together In a well-defined team as Is the case InJapan.
Lessons learned by studying the industrial revolutions of the last 200
years are not only Informative, but essential for the Investment
decision maker who should have a wide historical perspective of all the
variables involved. Compare the advent of the steam engine in 1800
and its Implications for manual labour. The advent of Otto's Internal
combustion engine one hundred years later Increased the flexibility of
the human production factor world-wide. Both Industrial revolutions
were a logic extension of existing technology. A common characteristic
was the objective to make life easier for the worker as well as the
consumer.
The advent of the micro-chip, however, Initiated a revolution of a
completely different nature. Not only did it make life easier by the
invention of pocket-calculators, data banks, computers and others, but
Its development was a quantum leap, considering the many innovations
which flowed from it. Of groat Importance are Its Implications for
automatic control systems, global and space communication, high
technology health services and others.
Indications of tho nature of the noxt industrial revolution abound. It
differs rather fundamentally from those precodlng it, considering its
non-materlel nature and implications for the storing and retrieving of
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information, and the communication of such information all over the
globe.
There is, as discussed above, no prospect for industry to find ways and
means of knowing the future with a higher degree of accuracy than
has been the case up to now. Each and every investment will therefore
carry an element of risk. It will, however, be imperative for the
investment decision maker to find ways and means to minimise such
risk.
One option would be to merge with other corporations producing the
same kind of product but for a different segment of the market.
Compare the purchasing some five years ago of the British corporation
Jaguar by Ford as an avenue Into the prestige car market. BMW's
purchase of the British company Rover a few months ago has as an
objective entry Into the off·road market. The development of a high
powered engine by Porsche for Audi is probably less risky than would
have been the case had Audl ventured into such a project. Compare
also the rationale for a merging of operations between Daimler Benz
and Honda; Daimler Benz producing prestige cars compared to Honda
producing for the mass market. The consumer will not be affected by
the merging of the activities of the two corporations. The two
corporations however, will benefit from the synergistic effects of the
joint operation and the utilisation of production and ,marketing facilities
all over the globe.
Exposure to risk can, however, also be reduced should the corporation
be in the financial position to buy shares in corporations producing
totally different products. The spreading of interests by Daimler Benz
during the past decade has been criticised by shareholders as well as
the authorities. Benz's share holding in the electric concern AEG and
the aircraft and armament concern DASA, is probably nothing but an
exercise to spread their risk by diversifying Into industries having
similar interests In the high-tech field. Consumer preference for air
travel could hurt the automotive Interests of Daimler Benz. The effects
on their motoring profits could. however, be softened by their Interests
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in the air business. This is also true of their interests in AEG should the
electric motor go in series production.
The risk involved in the implementation of future key technologies will
probably be such that no corporation could venture into it singularly.
Investment in such technology will be based on a global strategy,
inclusive of geo-political considerations.
3. Multifact as 8 transitional model between the neo-
classical mode of evaluating investment projects to
futuristic Investment decision making
In the previous paragraphs it was shown that the neo-ctasstcat models
are no longer suitable for the Investment decision making in a rapidly
changing business world driven by an integrated global market and
technological innovation. The simplified assumption of linear markets
with a risk factor which do not deviate significantly from the historical
pattern would no longer seem to be the case.
The contemporary business world needs investment decision making
models which are capable of considering many variables
simultaneously. Values such as the completeness of information,
customer satisfaction, and strategic and environmental considerations,
which cannot immediately be transformed into monatary values should
also be incorporated into the model.
Multifact provides the framework for the incorporation and weighting
of the different variables. The risk factor is split in a risk category
emanating from uncertainty about the outcome of the market and a
risk category caused by the ability and quality of the employees
involved. Thus, Multifact, enables the decision maker to consider all
characteristics of rapidly changing technologies In 8 global market.
Multifact is theoretically an efficient investment decision making tool
even In a market characterised by rather fundamental changes.
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Its practical application has, however, some shortcomings which do
not emanate from its structure but from the nature of things
fundamental to the contemporary market place.
There is, firstly, the growing uncertainty about the future development
of the global market. Multifact provides a tool for the consideration of
those risks which can be quantified. Multifact, however, cannot be
used to identify and quantify risks which cannot be foreseen. The
quantification of future risks Is nothing but the prediction of future
events. One has to accept that there will never be a model which could
be used to predict the future. The only avenue available to industry for
the prediction of the future Is to change the composition of the
investment decision making team by the inclusion of people with
entrepreneurial sustenance, I.e. people with a good gut sense. It Is
becoming more and more obvious that it Is risky to follow the advice of
company officials only. In the case of high-tech and therefore capital
intensive projects, it is no longer a case for the financial manager of a
corporation to judge whether the project fits Into the annual budget
framework. The opinion of the marketing manager may be based on
too subjective a view of the market place.
The investment decision making team will obviously be compelled to
take an ln-depth global view. The team will have to know what Is
going on in the minds of the technocrats in Japan, the USA, the United
Kingdom, Germany and elsewhere. To understand the train of thinking
in other countries it will be necessary to understand the culture of such
decision makers. The composition of the investment decision making
teams must be representative of such considerations whilo the
functionaries of the corporation will have to be assured of the
feasibility of the project. The direction of technology and product
development will have to be assessed by team members having a deep
knowledge of the global market and tochnology. Such deep Insight is
only obtainable from contact with top managers and politicians all over
the globe. A positive aspect of such contact Is the global viow of
technology and the consumer. A negative aspect, however, is the risk
of industrial espionage and bribery.
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4. Summary
The discussion of investment decision making models in chapter II
showed that the commonly used models are only valid under certain
conditions, i.e. that such models have no overall validity.
These obvious shortcomings were the starting point for the
development of an Improved Investment decision making model,
namely Multifact, in chapter IV. This model pays more attention to the
characteristics of the rapidly advancing technologies of the global
business world. This model Is based on three basic Ideas, namely,
firstly, the fact that Investment in a global market driven by rapidly
changing technologies and consumer whims requires a decision making
model which Is based on more than a single input variable, secondly,
that the decision maker should be In a position to reconstruct the
impact of the different variables, and thirdly, that the risk inherent In
each investment project should be considered explicitly.
Proposals for mathematical formulae which will assist economists in
their endeavours to predict future market behaviours are continuously
being advanced. Such formulae, however, take It for granted that
markets develop in a linear way. It is, however, evident that many
phenomena observed in nature and the market place behave In a non-
linear manner. It is therefore becoming more and more obvious that the
neo-classical economic theory, and computer models based on it,
simply cannot furnish the kind of information needed to make decisions
in a world market which is becoming more and more unstable and
volatile.
Economics, as it is normally practised, operates in a purely deductive
mode. Every economic situation is immediately being translated Into a
mathematical exercise, which economists try to solve by rigorous,
analytical reasoning. The real business world is, however, Increasingly
characterised by problems which are not woll defined. The
contemporary global market is more and more characterised by a state
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of flux without any sign of there being a general state of equilibrium at
all.
One could therefore argue that no investment decision making model
will ever be capable of reflecting the real decision making problem
precisely. While it Is difficult to refute this train of thinking, It would be
even more futile not to endeavour to formulate more realistic
investment decision making models. Knowing that the point of
equilibrium will never be reached, the objective should be to come step
by step as close as possible to Investment decision making models that
would describe the real market situation with an acceptable degree of
accuracy.
It is therefore obvious, that even with the aid of an advanced
investment decision making model such as Multlfact, only those
uncertainties which are predictable can be taken Into consideration in
the decision making process. It would however, not be realistic to turn
a blind eye to the absolutely non-foreseeable uncertainties driven by
technological innovation of a kind that cannot be foreseen at all by the
investment decision maker. It Is of course almost impossible to take
precautions against futuristic events which cannot be foreseen.
In the 40 years following the Second World War, the Investment
decision making procedure, based on static and/or linear models plus
gut feeling, worked quite well. The booming markets and limited
competition, especially in America, Europe and Asia, were more or less
a guarantee as far as profitability was concerned. Customers were not
very critical because of their knowledge of the hard times of the
depression of the thirties and the war years and the long adjustment
period since the war.
The life cycle of a product is dotermined by Its utility to the consumor.
Utility to the consumer, however, Is a combination of on object/ve
ut/Hty and a subjectlvB utlHty. The objective utility Is derlvod from the
real quality or function of the product, l.e. the function of a wristwatch
is to give information with rogard to time. Subjectivo utility on the
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other hand is the secondary quality of the product. i.e. a wristwatch is
also seen by the consumer as a fashion good. The subjective utility of
a product has therefore become a major consideration in the evaluation
of the riskiness of a prospective investment. especially in those cases
where fashion is of great importance. Products are becoming obsolete
increasingly. even in those cases where substitutes are not readily
available.
Analysis of the reasons for the success of Japanese Industry 8S the
trend-setter in home entertainment equipment leads to one conclusion
only, namely, the differences in efficiency of Investment decision
making in the Japanese and Gorman industries. The Japanese do not
have access to better technology, they just react more quickly to
technological innovations. Implementation of such technology is also
more efficient. The result Is often that the Japanese start to market the
improved second generation of the product while their competitors In
the USA and the European countries still fiddle with the first
generation. The reason for their efficiency being the more effective
communication and co-operation in Japanese Industry which enables
them to develop and launch new products in a much shorter time.
Up to the mid-sixties competition was mainly restricted to the
traditional markets. The risk Inherent in the making of an investment
decision was mainly the result of the Impossibility to forecast future
cash-flows with any degree of certainty. Most of the market outcome
nowadays is determined by global competition. This leads to a totally
new situation as far as the origin of uncertainties Is concerned. The
Impossibility of forecasting future cash flows and the seiling price, are
the main contributors to uncertainty. UncertaintY under conditions of
global competition Is a very complex phenomenon. Cash flows for
Instance are subject to the exchange rates of foreign currencies,
foreign taxation systems, Import and export duties, and the legal
requirements of other countries. Most of these factors cannot be
Influenced directly. Some of them are specifically designed to protect
the domestic industry against foreign competition.
192
The rapid rate of innovation of new technologies compel entrepreneurs
to invest more and more in oxpensive equipment and retraining in order
to compete successfully in the market place. The risk factor increased
therefore not only as a result of the shorter product cycle and the
behaviour of competitors, but also on account of the significantly
larger capital investment involved.
There Is however, another problem which is caused by the
achievements of modern technology itself, namely the availability of
information. Modern computer technology and the world-wide linking
of computer networks, enable one to get more or less any business
related information within seconds. Fact is, however, that the
information receiver, i.e. the decision maker, cannot process all the
available Information.
The growing complexity of the market place and the dynamics of its
variables, make It unlikely that the performance of forecasting models
will be improved to the extent where they could be used as reliable
tools by the investment decision maker. The structure and functioning
of the global economy will not become less complex. Its propellants,
namely technological innovations and the whims of the consumer, will
also not abate as time goes on. Consumers all over the world will have
more and more discretionary spending power at their disposal.
The dynamics of the market place and Its sensitivity to the whims of
the consumer and the demands of technology, will make the task of
the investor, especially the investor in manufacturing business, much
more complex than is presently the case. One of the reasons for the
growing concentration of assets, l.e, the ongoing monopolisation of
industry and commerce, is the need to buy security for the investor.
It has been argued that general equilibrium as postulated by the neo-
classical economists would seem to apply less and less to the
contemporary markot place. The variables that should bo embedded in
investment decision making will have to be many more than have been
the case previously. New variables, which wore not considered by tho
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neo-classical models, are becoming more and more important for the
making of investment decisions. These new variables are variables
such as joint development projects, legal and/or environmental
restrictions, the risk of investment loss due to Industrial espionage,
consumer whims, availability of information and others. Contrary to the
neo-ctasslcal models, Multifact, being a multi criteria model, is designed
to handle such variables.
The contemporary business world needs investment decision making
models which are capable of considering many variables
simultaneously. Variables such as the completeness of Information,
customer satisfaction, and strategic and environmental considerations,
which cannot Immediately be transformed Into monetary values should
also be Incorporated into the model.
Multlfact enables the decision maker to consider all the Implications of
the rapidly changing technologies of the global market. It is
theoretically an efficient Investment decision making tool even In a
market characterised by rather fundamental changes. Its practical
application has, however, some shortcomings which do not emanate
from its structure but from the nature of things fundamental to the
contemporary market place.
There is, firstly, growing uncertainty about the future development of
the global market. Multifact provides a tool for the consideration of
those risks which can be quantified. Multifact, however, cannot be
used to identify and quantify risks which cannot be foreseen. The
quantification of future risks is nothing but the prediction of future
events. One has to accept that there will never be a model which could
be used to predict the future with any degree of accuracy. The only
avenue available to Industry for the prediction of the future Is to
change the composition of the Investment decision making team by tho
inclusion of people with entrepreneurial sustenance, I.e. people with a
good gut sense. It Is becoming moro and more obvious that It is risky
to follow the advice of company officials only. In the case of high-tech
and therefore capital intenslvo projects, it Is no longer a caso for tho
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financial manager of a corporation to squeeze the project into the
annual budget framework. The opinion of the marketing manager may
also be based on too subjective a view of the market place.
It is important to realise that Multifact is still based on neo-classical
investment decision making models, l.e. net present value, Internal rate
of return and others. Most of the Input data are therefore founded on
the assumption of a static or linear futuro. The non-llnearltv of the
future Is, however, Incorporated by considering risk as on Important
decision making variable.
·····00000·····
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Chapter VI
Summary
The objective of this dissertation, as explained in chapter I, was to
examine Investment decision making in the contemporary business
environment with its Integrated global market driven by rapidly
advancing technology. Two main problems wore Identified, namely, tho
inadequate consideration, I.e. quantification of data uncertainty, and
secondly, the non-use of multiple criteria In Investment decision
making.
Investigation of the history of investment decision making models in
chapter II, found that the Improvement of decision making models do
not normally occur in the form of great inventions or sudden Insights.
Such improvements as were accomplished, were the results of step by
step modifications and additions.
Examination of the strengths and weaknesses of the theory underlying
the models used for decision making, covered firstly, the more
common investment decision making models, namely, the net present
value, the internal rate of return, and the point of amortisation, and
secondly, differences in investment decision making under conditions
of certainty, uncertainty and risk. In this context attention was mainly
given to the subjective attitude of decision makers towards risk,
namely, risk aversion, risk neutrality and risk acceptance. It was found
that the existing models are almost always based on the assumptions,
firstly, that the future behaviour of the market will not deport
materially from the past, i.e. market behaviour is mainly linear,
secondly, that the prediction of future events can be done with 8
reasonable degree of accuracy, i.e. certainty, and thirdly, that It Is
sufficient to baso tho ultimate profitability decision on a singlo
criterion.
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It was found that decision making under certainty should be seen as
highly unlikely in an unstable and volatile world driven by rapid
technological innovation and the dynamics of a global market. In
contemporary industry considerations of uncertainty and risk play an
ever increasing role in investment decision making. The growing capital
intensity of technology, the danger of such technology becoming
rapidly obsolescent, the need to recoup the Investment as soon as
possible and the deterioration of profit margins, make It Imperative to
use decision making models that will deal effectively with the
uncertainty element. Uncertainty postulates Intor alia that the decision
maker may not be aware of all the conditions that may possibly affect
the decision and/or that he may not be able to attach a realistic value
to such a probability.
The literature offers many tools to overcome the uncertainty problem,
I.e. the maximin rule, the maxlmax rule, the Hurwlcz criterion, the
Laplace criterion and the Savage·Nlehans-criterlon. The characteristics
of uncertainty can also be examined with the old of the sensitivity and
risk analysis. Each of these rules has Its merits. All of them, however,
have major shortcomings which disqualify them as general models for
problem solving in the contemporary business world; the reason being
that most of these rules, criteria and models are based on strict
postulates relating to risk. An individual's willingness to accept or
avoid risk in a decision making situation is obviously an intrinsic
characteristic of his or her personality. This personal attribute Is of
great Importance In managerial decision making. The behaviour of a
risk aversive decision maker Is obviously not likely to be the same as
that of a risk acceptor or a decision maker with a neutral stance. The
decision maker may, via the utility function, express his general
attitude towards risk.
The final section of the enquiry into the theory underlving tho models
was devoted to the Capitol Asset Pricing Modol, 1.0. tho security
market line. In weighting tho Invostmont project against 8 given
minimum yield, the project planner should have 8 clear idoo of tho
characteristics of the minimum yield, 1.0. whot financial considoratlons
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have been incorporated in its compilation. Continuous use of a single
minimum yield, t.e, the discount rate, may result in the general belief
that the risk inherent in a project is always equal to the average risk
(Le. the systemic risk) of the enterprise.
The last part of chapter II examined some of the empirical findings
relating to the application of various investment decision making
models and the availability of information for decision making. It was
found that most enterprises do not use the theoretical models on 0
scale that could be regarded as significant. Decisions arc consequently
based on Informed guesswork and gut feeling. The scarcity of good
information is an Important consideration in the use of simple
procedures In Investment decision making. The problems encountered
in the application of the models, as enumerated In the empirical
studies, can only be overcome by modifying the models along lines
that would make them more user-trlendlv.
Chapter III was initiated by postulating that the success of an
enterprise, project or industrial nation cannot be based solely on
effective investment decision making. It is obvious that the use of a
good investment decision making model is only one part of the ultimate
success of a business.
The objective of the main part of chapter III was to examine the
general practice of investment decision making. Such practice was
demonstrated by a case study showing the logic involved in everyday
investment decision making. The results obtained are In full agreement
with the empirical findings In chapter II. Although theory provides
many tools for, initially evaluation, and ultimately, the making of a
decision to Invest or not, fact is that most, If not all, of the models
advanced by theory find no application In the everyday workings of the
business world. The result is often a fragmentary application of some
of the ideas underlying a model or a combination of models.
A recommendation to invest, based on a single criterion, and possibly,
an evaluation of the effects of uncertainty by means of sonsitivity
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analysis cannot do justice to the complexity of the market place, the
world of finance and the imponderables of technological innovation.
The consideration of uncertainty by means of sensitivity analysis is
theoretically on the same level as any rule of thumb hoping to find a
solution to the problem of data uncertainty by data correction. It Is
therefore quite evident that the use of sensitivity analysis does not do
justice to the problem inherent in the data uncertainty. The sensitivity
analysis should, therefore, only be seen as an attempt to obtain
information about the structure of the problem. It provides guiding
principles as to whether or not one should endeavour to be more
concerned with the process of collection.
The people who compile the data for the evaluation of a project and
those who take the final decisions are as a rule not the same. The
functionaries taking the ultimate decision are Invariably totally
dependent on the net present value and sensitivity analysis presented
to them in the form of a project appraisal report and recommendations.
They are often not in a position to gain an insight into the true nature
of the uncertainties surrounding the project. The problem inherent in
any factual data is that they often reveal as much as they conceal.
What is required, is a model that will consider data uncertainty in a
comprehensive, scientific manner and which adheres to the strict
conditions for multiple criteria. Such a model, and the evaluations
obtained, should be fully transparent. It must not conceal or obscure
data uncertainty. It must also be simple in logic and easy to handle.
An improved decision making model, namely Multifact, was developed
in chapter IV. It was based on the theoretical knowledge of investment
decision making (chapter II) and the awareness of the problems
experienced in Investment decision making In tho dolly business
situation (chapter III). The main consideration in the compilation of
Multifact was to close the gap between theory and practice. On the
scientific-theoretical side, Increasingly complex and integrated
optimisation Invostment decision making modols are being developed in
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the field of Operations Research. In pracnce. however, even the most
simple financial·mathematical investment models do not find roady
application in the business world.
Incorporation of data uncertainty in the Multifact model is a decisive
advantage. Another advantage is the fact that it is basically a multiple
criteria system. The transparency of Its workings and results Is a
further major advantage.
The phenomenon of uncertainty as far as the Individual Investment Is
concerned, has two roots. The first one Is the degree of accuracy or
not of the values of the data predicted, relatlvo to the values that will
eventually materialise, namely mllrkst uncsrtllinty. The second one Is
the quality of the decision makers judgement of the merits of the data
compiled by the employee responsible for such compilation. This
aspect, referred to as the emploY98 qUIJUncatlon, Is not only Important
but often loaded with misgivings and suspicion.
The employee's estimation of market uncertainty Is mainly based on his
experience in the work place. The ultimate decision maker Is often In
the position that he cannot do otherwise but to express his confidence
in the employee's specialised knowledge. He may, therefore, assume
that the qualification of the employee is such that the uncertainty as
far as this aspect is concerned, is zero, I.e. the Ideal case of complete
confidence in the ability of the employee. The other extreme may,
however, present itself, namely, that the employer may have so little
faith in the judgement of the employee that he regards his Involvement
as adding to the degree of uncertainty.
The advantages of Multlfact In decision making were demonstrated by
re-evaluating the case In chapter III. The Incorporation of multiplo
criteria and the attitude of the decision maker towards risk wero shown
to influence the final decision fundamentally. The weights given to the
different decision making criteria had a doclsivo effect on the
out comings of the model. The weights were basod on a careful
consideration of the relevant variables.
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The net present value, the relative net present value, the amortisation
duration and data uncertainty are simultaneously considered in the
Multifact model. The weighting procedure outlines how much the
respective ranking criteria (partial utility values) would affect the final
result.
Practical application of Multifact indicated that the economic
knowledge of the persons Involved was rather below the norm required
by the Investigation. The functionaries Involved were aware, 8S 8 result
of their Involvement In previous projects, that 8 certain minimum
profitability was required. They were, however, not fully acquainted
with the technique used to determine the profitability of the project
and Its economic significance.
Some aspects of Investment decision making In an Integrated global
market driven by rapidly advancing technology were examined in
chapter V. The objective was to demonstrate some of the complexities,
dynamics and absolute obscureness of the hlgh·tech world with Its
continuously shorter product cycles. Each Investment decision Is,
therefore, an act In a more risky and unpredictable environment. It Is
obvious that, even with the aid of an advanced Investment decision
making model such as Multifact, only those uncertainties which are
predictable can be taken into consideration In the decision making
process. It would however, not be realistic to turn a blind eye to the
absolutely non-foreseeable uncertainties driven by technological
innovation of a kind that nobody can foresee. It Is of course almost
Impossible to take precautions against futuristic phenomena which
cannot be foreseen.
New variables, which were not considered by the neo-ctessicet theory
models, become more and more Important In the making of Investment
decisions. These new variables encompass joint development projects,
legal and/or environmental constraints, the risk of Industrial espionago,
consumer whims, non-avanabnnv of Information and others. Contrary
to the neo-ctasslcat models, Multifact, being a multi criteria model, Is
designed to handle such variables. Thus, Multlfact, enables the
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decision maker to consider more and more characteristics of the global
market driven by rapidly changing technologies. Multifact is
theoretically an efficient investment decision making tool, even in a
market characterised by the prospect of rather fundamental changes.
Its practical application has, however, some shortcomings which do
not emanate from its structure but from the nature of things
fundamental to the contemporary market place.
Multifact provides 8 tool for the consideration of those risks which can
be quantified. However, it cannot be used to identify and quantify risks
which cannot be foreseen. The quantification of future risks is nothing
but the prediction of future events. One has to accept that there will
never be a model which could be used to predict the future with any
degree of certainty. The only avenue available to Industry for the
prediction of the future is to change the composition of the Investment
decision making team by the inclusion of people with entrepreneurial
sustenance, l.e, people with a good gut sense.
It is important to realise that Multifact is still based on the neo-classlcal
investment decision making models, i.e. net present value, internal rate
of return and others. Most of the Input data are therefore still based on
the assumption of a static or linear future. The Integration of the non-
linearity of the future is, however, assured by considering risk, in its
own right, as an important decision making variable.
The dissertation should be seen as an attempt to establish a link
between the supply of the theory and the demand for a tool that can
be used in the practical affairs of the business world. It is both
inappropriate to reject the theoretical model as foreign to practice and
to dismiss practical application as too unscientific. The correct
approach should be to forge a better link between theory and practice.
This means that practice has to make better use of what theory has to
offer, and, on the other hand, theory should take more cognisance of
the fact that theoretical models should bo fully comprehensible and
user-friendly.
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No claim is laid to having solved the problem of dualism betwoen
theory and practice but as stated by Confucius, and quoted in chapter
I: "It is better to light a small candle than to curse the darkness. "
·····00000·····
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